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FOREWORD 


_ The Jhelum river is a blessing and a curs 
people of Kashmir. During floods it inundat 
devastates the crops, and threatens the city 
of this Century several engineers like Mr. 
and Mr. Harris studied the problem in d 
to mitigate the evil. Though some work 


€ at the same time to the 
es the rich agricultural lands, 
of Srinagar. In the early part 
Purves, Rai Bahadur Tulsi Dass 
etail and recommended measures 
was done along the lines Suggested 
eved for some reason or the other, 


in the recent past as the floods 
became more frequent. : 


Dr. Uppal who studied the problem in 1950— 
work in collecting and analysing all the 
nected data. The various suggestions 
different engineers are all incorporated i 
in two parts: namely “Flood Control and Reclamation above the Wular 
Lake” and “Improvement to the Outfall Channel from the Wular Lake”. 
After giving a vivid description of the physical features of the Valley and a 
historical \background of the problem, the report outlines broadly the 
possible measures for flood control and reclamation of the Valley. This 
report formed a good basis for further deliberations by the State engineers 
and the Central Water and Power Commission in their task for finding a 
solution to the problem. It would have been difficult-to do so during the 
short time available but for the commendable work put in by Dr. Ungal 
in presenting the data in an understandable form. Comments and discussions 


up to April, 1954 appear in this book; and those after that date will form 
Part of a separate volume. 


52 has done very valuable 
past hydrological and other con- 
put forward from time to time by 
n the report which he has prepared 


New DE Lut: 


18th Feb. 1955, KANWAR SAIN, 


Chairman 


CENTRAL WATER & POWER COMMISSION. 





PREFACE 


The month of September, 1950 witnessed a flood of very high magni- 
tude passing down the Jhelum river in the Valley of Kashmir. The damage - 
to life, property, crops and communications was immense and once again 
the necessity of doing something effective to banish once for all the evil of 
floods and consequent famine and disease was keenly felt by the authorities. 
A complete scheme of flood control for the Valley was urgently required. 
At this juncture, the task for formulation of a scheme for flood control 
in the Valley was entrusted to the author. The work was undertaken in 
October, 1950 and it has taken four years to formulate and finalise the 
investigations which included amongst other things, the preparation of some 
400 plans and statements of data. No data regarding the grade of sediment 
material of the river and its tributaries existed. The data available was 
meagre in certain important respects. A sediment survey of the Jhelum 
river and its tributaries was made in 1951-52. An aerial survey of the 
Valley was also made. 


The nature and the magnitude of the problem of flood control: in the 
Kashmir Valley have necessitated the treatment of the problem in two parts. 
First part deals with the control of floods in the valley above the Wular lake 


-and second part pertains to the improvement of drainage in the outfall 
channel from the Wular lake. 


To understand the problem, a knowledge of the river and its tributaries 
. is essential. Chapters have been devoted to the physical and sediment 
characteristics and the hydraulics of the river and its tributaries. Historical 
and physical facts have also been given in certain details to enable the 
problem to be viewed in its proper perspective. 


General flood control measures such as levees, detention reservoirs, 
storage basins, spill weirs, afforestation, widening of drainage channels and 
other methods have been discussed in detail with special reference to — 
their applicability to the Kashmir Flood Problem. And finally, a combina- 
tion of measures, suitable for the peculiar conditions in the Valley has been | 
recommended. 


cumulated during the last 
r solving the age-old prob- 
y the Kashmir 


and data ac 


proposals fo 


The work covers the experience 
ts engaged b 


fifty years. During this period many = 
lem of the Valley were made by different exp 


Government from time to time. 


ke against jnunda- 


Jementary channel, 
y from 


above the Wular la 
inagar, a SUPP 


For the protection of the valley 
Dogripura oF alternativel 


tion, and for the security of the city of Sr 


taking off from the Jhelum river below : ee 
above Kandizal and running along the chain of depressions to the-lettre 


the Valley via the Hokarsar, Mirgund and Haigam jhils into the Wular 
lake, has been: proposed. The inlet of the flood spill channel from the 
Jhelum river above Srinagar and its outfall back into the river at Param- 


pura shall be closed. 


ated and designed to perform a 


double role of carrying the surplus water over and above the sale capacity 
of the Jhelum river and withdrawing a major portion of the silt load carried 
by the river during flood, and transporting it to the nambals and lakes 
where the sediment will be made to deposit. The low-lying land under 


marshes, covering an area of over one hundred square miles, shall thus 
be reclaimed. With a large sediment charge of the river diverted into the 
e- Jhelum river, which as the 


supplementary channel, the conditions in th 
observations for the last forty years indicate, is showing a constant deterio- 
ration on account of sand deposition, are bound to improve. This improve- 


ment shall mean lower flood levels, washing away of shoals and bars in 
the river and better conditions for navigation in the Valley. » 


The supplementary channel is loc 


As an additional measure for the improvement of the Jhelum river 
above the Wular lake cut-offs have been recommended across the. Pampore 
Shivpore, Lethpura and Panznor Malur loops of the river. With the 
recent advances in the technique of making cut-offs, their success has been 
ensured and they are expected to cause flood stage lowering both in and 


above the city of Srinagar. 


The Jhelum river below the Wular lake, viz. the outfall 
channel, which is the only drainage channel of the entire valley, is 
in the process of constant deterioration. A study of its h neal 
data, collected during the last forty years, has shown that "ee ae 
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of this deterioration is the ver 
by its affluents 
For the impr 
the Ningle na 


y coarse sedimentary material carried 
ducing the flood and deposited in the outfall channel. 
Ovement of the outfall channel, the diversion of 
lah and the Pohru river into the Wular lake has been 
Proposed. The diversion of the Pohru and the Ningle s 
the natural process of silting up of. the Wular lake 
course of time, shall be completely reclaimed, Pr 
stabilisation of hill torrents which bring large boulders in to the 
channel, have also been made. These measures are calculated to 
Prevent the deterioration of the outfall channel by checking the 
inflow of detritus from these torrents into the outfall channel. A 
cut-off across a double loop of the outfall near Dilinaghat has al 
been suggested. The foot bridge at Baramulla with its Piers co 


sisting of heavy stone-crates and the willow plantation at Nin 
obstruct the flow during floods. 


hall accelerate 
which, in due 
oposals for the 


so 
n- 
gal 
They ate proposed to be removed. 


With the recommended measures having been adopted, it can 
be visualized that in course of time, the low-lying, marsh-lands, 
jhils and the Wular lake shall have silted up completely. The 
marshy areas reclaimed by the supplementary channel, with the 
rich alluvial silt brought from the Jhelum River; and the Wular 
Lake reclaimed by the silt of the Pohru river, the Ningle nallah and 
other affluents, shall have been cultivated to yield harvests secure 


from the floods. A new era of plenty and security will dawn [ 
over the Kashmir valley with the fear of floods banished for all 


the times to come, 


After the recommended measures have worked for some time, 

the hydrographic system of the va shall change completely. The 
~Wular lake having vanished and the nambals like Batmalu, the 
jhils like Nowgam and Haigam and the lakes like Hokarsar having 
disappeared, the Jhelum river shall pass as a single well-defined 
channel from Sangam to Baramulla with the supplementary channel 
forming ase main river. The general change in 
the water logged condition of the vast areas in the valley, at present 


under swamps, jhils and lakes, to a dry one shall bring about a richer 


scope for the development in the valley. 
, —————————————eooEoooEeEeeEeEe=* 


It is roughly estimated that the time required for the reclama- 
tion of a major portion of the valley-land, at present under marshes 


and lakes, is about 70 to 80 years. The process of reclamation with 


all its fruitful _effec wey. ill begin soon after the measures 
have been adopted. 
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of the scheme, based on the rates pre- 


The ape a days, is about 9'37.crores of rupees. Since. 
Pe poe to be obtained over large number 
v6 - up an organi ation for an effective watch 
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strative control be ad- 


¢ time and admini 
scheme lost sight of. 
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the effects of the sche 
ars, it is desirable 
re continulty 
tudes 0 
d the main object 
The accomplishment of the task of finding y ee 2 te 
age-old problem of the Kashmir valley has bee ae y ae es 
personal interest taken by Shri Jawaharla ehru, 2 ee 
Minister of India. The interest taken by the leaders of Kashmir, 
who, amidst their heavy responsible work, found time to keep in 
constant touch with the progress of work as it was under way 
with the author, went a long way in expediting the completion 


of this work, 


of ye 
and to ensu 
through the vicissi 


ives of the 


e Minister of Jammu and Kashmir, 
d the valley of the anscient curse 
ary drive to get things done 
formulation of the scheme ard 


The earnest desire of the Prim 
Bakshi Ghulam Mohammad, to ri 
of floods supplemented by his custom 
have been mainly responsible for the 
an early ‘start in its execution. 


The author takes this opportunity to express his gratitude to 

Shri Kanwar Sain, I.S. E., Chairman, Central Water and Power 

Commission, who examined the problem closely and found time, in 

spite of his very heavy programme of work, to inspect the valley and 

discuss the proposal at site with the author. The-.author expresses 

his indebtedness to Mr. M.G. Rasul, Ex-Chief Engineer, Irrigation, 

Jammu and Kashmir, and to Mr. G.H. Khan, the present Chief 
Engineer, for their kind co-operation in supplying the hydraulic and 
ORGS Te: ee based on an intimate knowledge 
ar estes ae a The author specially acknowledges 
him as an apnraitics eee eee ie ue me ea 
the reputed State engineer The it ag eae a a ct 
Ay CRAY b e author acknowledges his thanks to 
Bre Nee ee a ee Singh and Umrao Chand for assis- 
Nana, Bech ae Sa ae ee Mee ee 
Draftsman. ; , Silt Analyst, and Bansi Lal, 
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CHAPTER ONE 


INTRODUCTION 


Origin of the Valley 


Both ancient legend and popular tradition have it, that Kashmir 
was wholly or in part occupied by a vast lake called “Sati Saras”, the 
lake of “Sati” or “Nature”. The geological observations of lacustrine 
deposits found in the karewa plateaus in the valley bear this out. 
The sage and engineer Kashapa, says the legend, drained the 
lake by cutting through the mountains at the north-western end of 
the valley. The town of Varehmulla which sprang up at this site, 
owes its origin to the operations carried out there. The legend of 
the dessication of the lake as described in the Nilamat? lives to 
this day in popular tradition. Hiuen Tsiang? alluded to this legend 
in Si-Yu-Ki. The Mohammedan historians later also reproduced the 
legend which found its way into almost every account of Kashmir 
written by Europeans. Drew’, Lawrence’, Godwin Austin and 
several others have made a mention of this origin of the valley. In . 
1904, Lotbinier® a special Engineering Officer with the Kashmir 
Government, expressed the opinion that “in early times the surface 
of the valley of Kashmir must have been the bed of a huge lake 
several hundred feet deep”. 


Landslides Damming up Rivers 
Mighty agents of nature like earthquakes have always Lae 
about cataclysmic changes over the surface of the ee < : ; 
sical history of Kashmir ascribes the origin of the le . 2 a 
earthquake which occurred in about 2000 B.C. oF : sae - 
of the Wular lake flourished a populous city, Samdima oe 
capital of the King Sundar Sena. Asa result of oon. ne 
water gushed out of a rift in the earth flooding t ee ite 
the same earthquake a knoll of the hill neat ne oh aaa 
tumbled down into the river. The river wast si sae 
considerable depth, submerging the whole of the city 


) 
lation and the king. The occurrence of 


uch a phenomenon ! 
t 
1: as 1911-12, a vas 
ture is not a remote possibility. As recently 
na 


#LOOD CONTROL IN KASHMIR VALLEY 

about 20 feet deep, with limited areas of 
out in West Tennessee, U.S. A., asa 
disturbances known as New Madrid 


earthquakes. Similarly, landslides blockading the riversand forming 
permanent or temporary lakes are not uncommon. In 1840, the 
blockade of the Indus river’ by a landslide caused the river to rise 
to the level of Bawanji fort, about 3C0 feet above the ordinary level 
of the river, forming a lake, one mile wide and extending up toa 
distance of about thirty-five miles up the Gilgit valley. The Kosi 
river’ in 1894, became dammed up for a depth of several hundred 
feet by a temporary blockade made by a landslide. 


2 


lake named Reel-foot® 
even greater depth, emerged 
result of a series of seismic 


One shudders to think of the consequences of the overhanging 
rock on the left bank of Jhelum river at Khadanyar tumbling down 
and entirely blocking the river which is only 200 feet wide. This 
small width is insignificant as compared with the upheaval brought 
about by Nature. Though not germane to the main problem under 
investigation, yet the faulting of the rock overhanging the Khadanyar 
gorge should be investigated by a geological expert if it has not 
already been done. 


Khadanyar Gorge, the Bottleneck 

The narrow gorge through which the Jhelum river flows below 
Baramulla has always been a scene of landslides. The debris 
brought down by torrents and by disintegraticn have tended to 
‘choke the Jhelum river. Since the river in this reach controls the 
drainage of the whole valley, the blockade in the passage of water 
results in the inundation and submergence of vast areas of inhabi- 
tations and cultivated land on both sides of the Jhelum river and the 
Wular lake. Besides, there is an undesirable delay in the draining 
off of flood waters that collect in the lakes and nambals in 
the valley above. 


Suyya’s River Regulation 


Born as a result of the drainage operation, the valley of Kashmir 
has throughout its past history been beset with the problems of 
drainage and flood control. Among the rulers of the land who 
cirried out river regulation and drainage operations, the names of 
Kines Lalitaditya and Avantivarman stand out most prominently 
In Avantivarman’s reign (855—833 A. D.), the illustrious bugineen 
Suyya® carried out, with skill and energy, a planned scheme of niet 
regulation and drainage in the valley, His drainage operations 
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extended to the gorge at Khadanyar- He removed the large stones 
which had rolled down from the mountains lining both the banks 
and lowered the river level. Then a stone dam was constructed across 
the bed of the river and the river blocked up for seven days. During 
this period the river bed downstream was cleared. To prevent the 
debris from sliding down from the mountains, retaining walls were 
constructed at the sides. The stone wall was then removed and 
the water rushed down the rapids in the gorge below Khadanyar. 
As the water level in the river was lowered, large areas of fertile 
land emerged out of the water. On the land so reclaimed, the town 
of Suyyapura, the modern Sopore, was founded by Suyya. 


Suyya also carried out another Herculian operation. He changed 
the entire course of the Jhelum river from its confluence with Sind 
to its embouchure into the Wular lake. The confluence point was 
shifted by about two miles towards the north-west. In addition, he 
constructed several miles of long pitched embankments and dykes, to 
control the floods. The operations of Suyya continued for a number 
of years. Asa result of these operations, vast areas of low-lying 
land were reclaimed. Consequently, this resulted in stepping up the 
produce of rice to a remarkable degree. 


This tremendous improvement in the drainage of the valley 
effected by Suyya’s operation, however, did not provide a permanent 
solution of the problem. In the course of time the conditions of 
drainage deteriorated again. 


Floods in the Valley 


A brief reference to the drainage conditions existing in the 
southern districts of the valley has been made. The valley at and 
above Srinagar also experienced equally distressing conditions. Every 
now and then heavy and disastrous floods came down in the river. 
The history of the valley of Kashmir is full of woeful accounts of loss 
of life and property caused by floods. To aggravate the misery, 
famines followed in the wake of floods. 


Whenever a heavy cloud burst occurs in the valley, the Jhelum 
river swells up and overflows its banks. The volume of. water, that 
can be safely carried in the river between the banks, is only one 
half of the volume of the high flood water. The other half of the 
discharge flows into the valley by overtopping and breaching the 
bunds. The whole valley for several miles together becomes one 
vast sheet of flowing water, sweeping away every thing that 
come in the way. 


FLOOD CONTROL IN KASHMIR VALLEY 


Due to the topography of the country, the whole of the flood 


water in the valley comes back again into the river just above Sri- 
nagar and increases the volume of water there much above the safe 
capacity of the river. This results in the breaching of 15 to 20 feet 
high bunds. Many parts of the city are submerged, bridges across the 
river are washed away, and thousands of houses are destroyed and 


fearful loss of life and property occurs. 


Several high floods have visited the valley in the living memory. 
During the reign of Maharaja Partap Singh, two heavy floods 
in about a decade, one in 1893 and the other in 1903, came down in 
the Jhelum river with disastrous results. This made the Maharaja to 
take. a serious view of the situation and measures were taken 
immediately to protect the city from danger and improve the 
capacity of the outfall channel. 


Flood Spill Channel 

In order to relieve the strain on the river in the city, a flood 
spill channel taking off from the river above the city of Srinagar 
and joining the river back below the city after passing through the 
Batmalu nambal, was constructed in 1904. The capacity of the flood 
spill channel was approximately one-third of the total flow in the 
river above the city. 


Dredging 

As a measure to increase the discharging capacity of the outfall 
channel, the bed of the channel was excavated. The dredging 
was continued in various reaches of the channel from 1907 to 
1917. After the dredging was done, the water level in the outfall 
channel and in the lake became, to a certain extent, lowered. The 
effect of dredging, however, was only temporary. 


Purves’ Investigations 


The services of Purves”, an JSrrigation Engineer from 
Punjab, were requisitioned by the Kashmir Government. Purves 
carried out his investigations from 1913 to 1915, His work was 
mostly connected with the Wular Barrage Scheme—a barrage 
proposed to be constructed on the outfall channel of the Wular 
lake for maintaining supplies in the Upper Jhelum Canal during 
the winter season. Purves wasaclever engineer and his work on 
hydraulic problems of the Jhelum river is very valuable, 
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Harris’ Proposals 


’ 


In 1928, another disastrous flood was experienced in the valley. 
Soon after the floods the services of Harris!! from the Government 
of India were sought. Harris stayed in the valley for about a year. 


During his stay he witnessed the floods of 1929. Harris was helped 
considerably in his investigations by Tulsi Dass", an able and 
experienced engineer. Most of the recommendations of Harris 
were based on the proposals of Tulsi Dass. Harris made a large 
number of recommendations regarding river bunds, cuts, channels, 
outlets, dredging, river diversion, etc. Some of his views on 
important points were contrary to those expressed either by 
Purves or Tulsi Dass. On the other hand, Tulsi Dass was strongly 
opposed to certain recommendations made by Purves. 


Investigations Renewed 


For full 20 years no action was taken. There were conflicting 
Proposals made by different experts who were consulted on the 
subject. The problem of flood control was considered to be 
too complicated and practically givenup as insoluble. Meanwhile, 


another heavy flood came in the valley in 1949 and inflicted 
wide-spread damage. 


Compilation of Old Data 


During the past 20 years, an immense mass of hydrographic data 
has been collected, both on Jhelum river above Wular and on the 
outtall channel. Some of the very old data regarding dredging 
was also unearthed from miscellaneous records at Baramulla. The 
whole of the data was brought to Malakpur for analysis. 


The previous investigators were in a different position as little 
of any data existed. On several important points they proposed to 
wait and watch. In other cases, they made their proposals on ad hoc 
assumptions on the future behaviour of the river channels. All 
these considerations stressed the necessity of a thorough examina- 
tion of the previous data which has now been done by the author. 


Collection of Further Data—-Sediment Survey 


Inaddition to the examination of the data already ee 
it was foundessential to collect some more data Lae ue 
regard to sediment, No information, whatsoever, ‘of the grade 0 
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material either of the river, the outfall channels or their tributaries, 
in any reach, was available. Problems of flood control in the present 
day are problems in sediment engineering. As the sediment grade 
now enters into every equation for the design of channels and 
calculation of discharges etc., a knowledge of the grade of the bed 
material of the river and the outfall channel is essential. A complete 
sediment survey of the river and the tributaries has now been 
made. A silt index showing the mean diameter has been prepared 

which throws light on several important points. 

The bed of the Jhelum river below Khannabal is constituted of 
coarse sand; and all the tributaries like the Vishau, the ‘Ram biara, 
the Lidar, the Sindh etc. bring sand. The Jhelum sand at Sangam 
is much coarser than that brought by the Vishau. There is no gravel 
anywhere in the Jhelum river in this reach or in the tributaries or 
near the confluence at Sangam. Below Wular the river is placed 
in an abnormal situation. It takes off from the lake with absolutely 
clear water but receives tributaries which bring not only coarse sand 
and gravel but stones and boulders also. As the slope of the Jhelum’ 
is very flat, coarse material brought by the tributaries cannot be 
transported and becomes deposited in the river below Wular lake, 
thus progressively decreasing the discharging capacity of the 
channel and blocking the drainage of the lower part of the Kashmir 
valley. Preventing the river from progressive deterioration, caused 
by -the inflow of sediment from the tributaries, is the most 
important problem of the Kashmir valley, 


Survey of the Hill Torrents below Baramulla 


from the source to their junction with the river, Cross-sections and 
Plane table surveys have been taken; and from the flood marks 
flood discharges have been calculated in each case, The discharge ip 
not great but the velocity is very high. Of the torrents a6 
Narunthal Nar, the Hajba] nallah and the Khadanyar ais he 
major ones, Their bed slopes are very steep and, therefore, bri : 
large size stones and &tavel. Their sources are not cae diecaut = 
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INTRODUCTION 
‘Sediment Charge of the River 


A knowledge of the sediment charge of the rivers in high stages is algo. 
of great importance. No data regarding the silt charge in the river was’ 
available. Since this involved taking observations during flood stages, no 
‘opportunity offered itself during the author’s short visit to the Valley. Silt 
Jaboratories, however,: will be established early this summer to take obser- 
vations during the floods. Based on the latest contribution on sediment 
‘transportation by H. Albert Einstein!3, an attempt has been made to 
determine the silt charge carried by the Jhelum at Sangam and the Pohru 
at Suil. Following the same technique, the sediment charge, which the 
proposed supplementary channel will be able to carry in different discharges, 


has also been determined. This information is of very great importance to 
the present scheme. : 


Aerial Survey 


4 
Another important data which was considered essential was an aerial 
survey. No aerial survey of the valley has ever been made before. This 


thas now been done with the help of the Indian Army and has been found to 


be of great use in determining the latest position of rivers, nambals, lakes 
ete. see 


Inspections 


a7 ™~ 


‘A detailed inspection (in the company of the Chief Engineer, Irrigation, 
Jammu and Kashmir State) of all the-important reaches of the Jhelum river 
and its tributaries, the Lidar, the Vishau, the Rambiara, the Arapal and the 
Romshi, was made during November, 1950 and October, 1951. — ‘The 
‘Vishau and the Rambiara valleys were especially examined for long reaches 
to determine the characteristics of the river with special reference to the 
offtake of irrigation channels or kuhls from these .rivers which had. over- 
developed into large creeks and were contributing materially to the damage 
to the crops in the valley during floods. Similarly, the outfall channel and 
its tributaries, the Pohru, the-Ningle. and the hill torrents below Baranuulla, 
were inspected in detail and their .behaviour examined.. The series of 
nambals and depressions on the left side of the Jhelum above Srinagar and. 
the large marshes and lakes, such as Batmalu, Hokarsar and Anchar ete. 
and the flood spill channel were inspected. The Wular lake especially at 
Watlab and at the offtake of the outfall channel was examined. The 
Shadipur, Asham, Ferozepore and other drainage nallahs were also inspec- 
ted. The ‘river bunds on the. Jhelum river, especially in- the reaches 

where breaches in the bunds -usually, occurred, such as at Masyari and 
Kandizal, were inspected. 
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mentary channel along the karewas and the 


iver loops at Shivpore and Pampore 
n of the valley was made in 
most of the 


-The alignment of the supple: 
nambals, the Lethpur karewa, the r 
were also inspected. Another intensive inspectio : 
the last week of September, 1952. During this inspection, 
important points in connection with the measures proposed in this scheme of 
Flood Control, Drainage and Reclamation of the Valley were decided at site. 
Among other sites, the Jhelum river below Dogripura at the OHETS of the 
proposed supplementary channel, the alignment of the = SuDpleMeneny, 
channel near Manwij village where the Romshi nallah shall join the supple- 
mentary channel, the course of the Romshi nallah for a distance of about 
five miles above its junction with the Jhelum river, the alignment of the 
flood spill channel from its junction with the proposed supplementary 
channel, the Dudhganga river along both its present and old courses, were 
examined in detail. Besides, the Spill Channel crossing the Sukhnagh 
nallah and Sumbal Canal Headworks, Spill Channel No. 2 at the crossing 
of the road and at its outfall into the Barangoura swamp from Triiulbal, the — 
Haigam jhil and the proposed alignment of diversion of Ningle into the 
jhil, Ningle nallah at the point of offtake of proposed diversion channel 
and the outfall channel at Sopore and the Pohru river at Suil and at Zindri 


Were also examined. © 


Accompanied by Shri R. D. Dhir, Director, Central Water & Power 
Commission, Govt. of India, the author paid another visit to the valley in 
the middle of September, 1953. During this visit, all the important sites 
connected with the scheme of Flood Control, Drainage and Reclamation in 
the Valley were revisited and the main recommendations of the author dis-- 
cussed at site. As a culmination of the visit and discussion, the Board of 
Engineers set up by the Jammu and Kashmir Government agreed upon 
some of the recommendations of the author. Again, in April, 1954, an- 
other visit to the Valley, with Shri Kanwar Sain, I.S.E., Chairman, Central 
Water and Power Commission, was paid. 


The last visit of the year was made by the author in the company of 
Shri Kanwar Sain, soon after a high flood of the year had passed down the 
valley in the last week of September, 1954. 


Examination of Data 


The examination of the past data was done in detail and it took one 
year to complete it. The analysis brought to light several important points 
which are briefly mentioned here, 
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Effect of the Ningle Nallah 


The Ningle nallah which joins the outfall channel just below 
its offtake from the Wular lake, brings a heavy load of stones, gravel 
and coarse sand and deposits it in the channel, forming an extensive 
shoal and thus reducing the discharging capacity of the outfall 
channel], Also, the willow plantations on both banks of the outfall 
channel retard the flow considerably- 


The Pohru Bar 

Gauges at Sopore for the years 1907 and 1910 and the informa- 
tion collected during inspection in 1950 have shown that during the 
Pohru flood a ridge forms at Doabgah sloping both ways, directing a 
part of the flood water to Wular lake as far as Watlab and Hartal 
and the other part to Baramulla side. A big sediment bar is formed 
at the junction of the Pohru with the Jhelum river. 


Excavation at Khadanyar 


The excavation of the bed at Khadanyar and the removal of the 
temporary dam there did not produce any increase in the very flat 
slope of the outfall channel above Baramulla. The water-surface 
slopes in the channel since 1917 to date have remained just the same. 
Contrary to the expectations of Harris, the retrogression at Khadanyar 
has not worked upstream beyond Baramulla bridge. Further excava- 
tion of the bed at Khadanyar as suggested by certain engineers 
‘will serve no useful purpose in increasing the discharging capacity 
cf the outfall channel. The control point of the channel appears 
to be- at Baramulla rather than at Khadanyar as there is a sudden 
change in slope at Baramulla. 


Dredging of the Outfall Channel 


In the dredging of the outfall channel from Sopore to Khadanyar 
and also of the Pohru river, large quantities of the sediment material 
were removed from the bed and deposited at the sides within the 
discharging area of the channel, thus converting a wide and shallow 
channel into a narrow and deep one. During the high river stages, 
the material deposited on the sides dropped down to the bed again. 
The process of dredging, therefore, did not give full efficiency. After 

‘the dredging was carried out, the water level in the outfall channel 
became lowered only toa small extent especially during floods. The 
effect of dredging was temporary. One year after the dredging was 
stopped, the bed of the outfall channel and the Pohru river became 
heavily silted up again. The Pohru bar also reformed more or less 
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to its predredged height. 
went even higher than that 
nuation of dredging, there was a stron 
between Tulsi Dass and Harris. The former stoo 


while the latter recommended its stoppage. 


At certain places the silting of the bed 
before dredging. Regarding the conti- 
g difference of opinion 
dfor dredging 


9 million cubic feet of sediment 
1 every vear and raises its bed. 
he outfall channel may diminish 
ll be appreciable enough to cause 


f thechannel. In recent 
g the water 


It is estimated that about tw 
load deposits in the outfall channe 
The rate of the rise of the bed of t 
after a certain period, but still ic wi 
continuous deterioration in the capacity o 
years the deterioration has made itself felt by raisin 
level in the Wular lake and consequently interfering with the 
reclamation work there. Dredging of the channel as a preventive 
measure against deterioration is useful and of lasting value only if 
fucther inflow of detritus load from the tributaries of the outfall 


channel is stopped. 


quarters that the dredging of the 


An impression exists in certain 
of floods above 


outfall channel had an effect on the mitigation 
Srinagar, that waile dredging was being carried out, no high 
floods visited the valley. This is an erroneous notion. The dredging 
of the outfall channel has nothing, whatsoever, to do with the floods 
in the valley above Srinagar. The level in the Wular lake affects 
the Jhelum river only for a short length above the lake and not 
beyond that. For instance, in 1950 floods, the Wular lake was very 
low, about six feet lower than that during 1948 flood which was 
more or less of the same magnitude at Sangam as the 1950 flood. 
In spite of very low water levels in the Wular lake in 1950, the river 
gauge at Munshi Bagh in that year was three feet higher than that 
in 1948 with a very high lake level. The behaviour of the Wular 
lake is independent of the river levels above Shadipur. 


The Jhelum River, a Sluggish Stream 

The course of the Jhelum above Wular lake has not changed 
at all during the last several decades over which surveys have been 
The aerial survey of 1951 shows the position of the river 
loops, bends and general course to be exactly the same as that shown 


in the survey plan prepared by Purves in 1915. The Jhelum in the 
luggish river and is not given to marked changes 


taken. 


valley is aS 
in its course. 
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Rise in Bed of the Jhelum River 


The bed of the Jhelum river above Srinagar during the past 
20 years has risen appreciably. Above Srinagar, the rise in the bed 
in certain reaches averages at four to six feet. Large shoals have 
formed in the river which seriously hinder nevi gation during winter. 
In the city and down to Banyari near Wular lake, the general rise 
in the bed varies from one to two feet. Below Srinagar also in 
certain reaches the bed has risen by six feet. 


Unsatisfactory Working of the Flood Spill Channel 


The outfall of the flood spill channel into the river at 
Parampura does not work satisfactorily during the floods. Instead of 
discharging water from the Batmallu nambal into the river, water 
flows back from the river into the Batmallu nambal. The flood spill 
channel has silted up three to four feet at its offtake from the river 
and by five to six feet at its mouth in the Batmallu nambal. 


Statement of Problems 


The problems of the Kashmir valley are those of floods and 
famines. The problem of control of floods in the valley isa compli- 
cated one. The question of the protection of the valley land is the 
same asin other countries of the world where rivers are alluvial in 
character and confined between levees. Itis the protection of the 
city of Srinagar against floods that lends a uniqueness to the flood 
problem in the Kashmir valley. Raising and strengthening of levees 
to an extent so that no spill takes place into the valley land ahove 
Srinagar would spell total destruction of the city of Srinagar which 
has encroached enormously on the river and has reduced its dis- 
charging capacity to a very large extent. At present, it is the spill 
into the valley and the flood spill channel that act as safety valves 
and save the city from inundation. There is about 116 square miles 
of land of great value (if reclaimed and brought under cultivation) 
under nambal, jhils and lakes. Reclamation of this land by means 
of depositing the sediment brought down by the river and its 
tributaries ‘is another important problem. Summarising, the 
problems briefly are :— 


1. The protection against devastation by floods of the rich 
cultivated land in the valley above and below Srinagar. 


9, The protection of the city of Srinagar and other inhabita- 
tions on the banks of the Jhelum riyer against floods, 
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3. Proper drainage of the valley resulting in the reclamation 
of about 116 square miles of swampy areas, called nambals, 


for cultivation. 
Reclamation of very low depressions in the valley, viz, lakes, 


4, 
jhils and deep marshes by a process of silting them up 
with the sediments carried by the supplementary channel. 
5, Prevention of shoal formation in the Jhelum river and thus 


facilitating boat traffic during winter. 


An effort has now been made to solve the problems keeping 
all their different aspects in view and in the light of recent advances 
made in the methods and technique of flood control and drainage. 


The Jhelum, like most ancient rivers, such as the Euphrates, 
the Tigris, the Mississippi, the Po and the Rhine, is a leveed river. 
These levees had been built originally by the land owners to protect 
their land against inundation. At certain places levees were also 
constructed by rulers of the land to protect the great cities they 
founded. As the system of levees developed, a necessity was felt 
for a co-ordinated effort and these were taken over by the 


Government. 


There are about 17 million of people in the world at the present 
day living under the levees. In many cases the levees constructed 
have been of adequate height, standard section and carrya metalled 
road on the top, thereby reducing chances of their breaching toa 
minimum. The behaviour of most of the leveed rivers over a long 
period of time has shown that levees are vulnerable and have 
failed in one or the other heavy flood. In case of the Mississippi 
river, for full one hundred years, the control over the floods was 

- sought to be effected by levees alone, The disastrous flood of 1927, 
inspite of the completed and seasoned levees, made the Mississippi 
River Commission and the Chiets of Engineers to change their policy 
of levees alone to levees, food-ways and controlled spill-ways. The 
policy of “no cut off at any cost” was also changed to that in favour 
of cut offs. Incase of the Po tiver, where the problem of flood 
control was considered to be Practically solved by the adoption of 
levees, one of the worst disasters occurred to the valley in 1951. 


Similarly, the Arkansas river, U.S.A. which had been protected 
by levees alone; over-topped them in 1951 and caused immense loss 


of life and property, 
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Measures Recommended 

For the control of floods especially in complicated cases it is 
preferable to adopt a combination of measures rather than to employ 
one single measure. Considerable advances in the methods of flood 
control have been made in the recent years, and many methods 
regarded unsuitable in Harris’ time are considred quite efficient now. 
Considering all the different aspects of the problems of the valley, a 
scheme of flood control and drainage has been proposed which 
consists of a combination of different measures. In brief the 
measures are :— 


Bunds 

Miintenance of embankments or bunds of suitable height so as to 
confine the river in between the embankments up to low or medium 
flood stages only. No effort should be made to raise the bunds so 
high as to confine the highest flood discharge in the channel. 


Supplementary Channel 

Construction of a regulated supplementary channel taking off 
from the left bank of the river below Dogripura, passing along, the 
high karewas on the left and through the series of nambals and 
lakes and joining the Wular direct. When the discharge in the river 
exceeds its safe capacity, the supplementary channel would start 
functioning. The gaximum designed discharge capacity of the 
supplementary channel is of the order of 30,000 to 35,000 cusecs., 
The offtake is located such that the supplementary channel will 
draw and carry more than its due share of sediment load. This is 
an important point as the sediment drawn will not only relieve 
the main river below the offtake of undesirable sediment charge 
which shoals up the river, raises its bed and hinders the navigation 
in winter, but will also silt up large areas of nambals and lakes 
through which the supplementary channel passes. The alignment 
followed is most economical, utilising the existing cuts and channels. 
In the course of time, when the process of silting up is complete 
and nambals and jhils and lakes have vanished, the Jhelum river 
from Banyari to Sopore (and the supplementary channel which 
shall be a second creek of the main river) will have well defined 
channels making large new areas available for cultivation. In its 
capacity as the second creek of the main river, the supplementary 
channel shall function as the drainage channel for all the tributaries 
of the Jhelum river that drain the Pirpanjal range and enter the 
river from the left. Thus the Bud kuhl, the Romshi nallah, the 
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Dudhganga river, the Sukhnag river and the Ferozepur nallah, all 
shall join the supplementary channel. With navigation locks and 
other minor arrangements, it would not be difficult to convert the 
supplementary channel into a navigable channel. 
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Channel Improvement 
Improvement of the Jhelum river above and below Srinagar can 


be affected by making cutoffs where the loops are very large, such as 
at Pampore and Shivpore. Presence of the rigid stone- pitched banks 
in this reach would facilitate the working of the cutoffs. Since the 
Jhelum river is a sluggish stream, the question of the movement of 
meanders downstream and consequent necessity of riveting the 
banks further, will not arise to any markedextent. The channel 
improvement will effect considerable stage lowering, 


Diversion of Tributaries 
Diversion of the Ningle nallah and the Pohru river into the 
Wular lake have been proposed to prevent inflow of stone gravel and 
coarse sand into the outfall channel. The continuous deterioration in 
the capacity of the outfall channel has been attributed to the inflow 
of heavy sediment brought by its tributaries. To get rid of this 
source of trouble, diversions of the Ningle nallah and the Pohru 
river into the Wular lake have been proposed. The outfall channel 
requires all the clear water but not the sediment ; while, on the 
contrary the Wular lake requires all the sediment to silt up its bed 


and help its early reclamation. 


Stabilization of Hill Torrents 
Stabilization of the five hill torrents joining the river below 
Baramulla with boulder bars and weirs across them, No other single 
factor works in a more detrimental manner towards impairing 
the capacity of the outfall channel than the torrents which dump 
heavy stones in the river bed. The torrents are small, the 
maximum discharge of the biggest being of the order of 


several hundred cusecs. 


Dredging of the Outfall Channel 
After the hill torrents below Baramulla are stabilized and 


the Pohru and the Ningle have been diverted, the large stones 
blocking the outfall channel should be removed and the channel 
cleared of all obstructions. Similarly, the coarse remains of debris 
brought by the Ningle and the Pohru which have not been removed 


by the clear water should be excayated, 
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Removal of the Foot Bridge at Baramulla and Salvaging the Stones 
of Aprons 


Massive stone in crate aprons of the old foot bridge at 
Baramulla obstruct the river flow considerably. In the presence 


of the new bridge quite at hand, there is no necessity of this bridge 
which should be removed. 


Removal of the Ningle Plantation 
The willow plantation on the banks of the outfall channel 
between Ningle and Sopore causes considerable obstruction to 


the river flow especially during the floods. This obstruction 
should be removed. 


The Sopore Dam has no influence on the river levels during 
high stages. Similarly, the Chhatta Bal Weir offers no obstruction 
to the flow of water during floods. Most suitable position of gauges 
for different stations have been proposed. 


Cost of Measures 


The cost of carrying out all the measures proposed in this 
scheme has been estimated on the basis of rates prevalent in the 
valley, at about Rs. 2°37 crores. 


Model Tests 


Model testing have been considered necessary to check up 
certain important points. These are designed to guard against 
surprise, particularly at the period at which the works will be 
brought into action on the first occasion. 


‘Amongst other probiems of research at the station, the Xashmir 
flood problem was also discussed with some of the foreigh experts, 
especially those from U,S.A., Europe, China and Bureau of Flood 
Control, Bangkok and Philippines who came to visit the Malakpur 
Research Station during 1951. 
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CHAPTER TWO 


THE KASHMIR VALLEY 


Physical Features 


The valley of Kashmir, 65 miles iong and 2 to 16 miles broad, 
is situated in the Western Himalayas ata height of 5,000 feet 
above sea level. The valley isa fertile plain, oval in form with 
almost an unbroken ring of mountains around it. The area of the 
valley is about 1,900 square miles; while the area within the crest 
line of the mountains, as estimated by Drew ’, is about 3,900 square 
miles. The mountain ranges surrounding the valley rise generally 
to a height of 10,000 feet above sea, for the greatest part, they 
rise to 13,000 feet; while the snowy peaks crowning some of them 
reach higher than 18,000 feet. At the north-west side of the valley, 
there exists a narrow gap through the mountains through which 
the Jhelum river makes its exit from the Kashmir Valley. The 
great highways of the past, passing over the Pir Panjal range 
in the south-west of the valley, are the Panjal Pass, 11,400 feet, 
Golab Garh Pass, 12,5C0 feet, and the Banihal Pass, 9,700 feet above 
sea. Tatakutiand Brahama Sakal are the highest peaks, 15,500 
feet in elevation. 


Topography 

The topography of the alluvial valley is typical. The river 
banks are generally higher than the land behind them. A vertical 
cross-section of the valley shows, therefore. that the main stream 
and its tributaries flow between high well-defined banks while the 
back areas are low, ill-defined and often swampy- 


The valley is an alluvium-filled basin, a large part of which is 
of recent formation:by the Jhelum river. More than half of its area 
is, however, occupied by low, flat mounds, bordering the slopes of 
8 to 16 miles wide on the south- 
fty miles from Shopyan 
hmiri language and 


the mountains on all sides, 
west side and extending for a length of some fi 
to Baramulla. These are named karewas in Kas 
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are held to be the relics of deposits of a lake which once filled the 
valley fromend to end and fora depth of more than 1,0(0O feet? 
The drainage of the lake by opening and subsequent deepening of 
the outlet at Barahmulla exposed them to denudation which has 
shaped them into the karewa outlines of today. The karewas are 
mostly horizontally stratified deposits consisting of fine silty clays, 
sand and gravel. 


Crops 
The valley of Kashmir has superabundance of water flowing in 


it and provides a rich scope forthe cultivation of rice, since times 
immemorial, Rice is the staple food of the population. Besides 
tice, maize and water-nuts are also produced in the country. 
Safiron is the famous produce of Kashmir. The mountain slopes, 


where cultivation has not been carried out, are covered with 


magnificent coniferous forests. Above the forests, where trees do 


not grow, rich alpine pastures extend up to the snow line. 


Climate 
Situated in temperate region and at high elevation above sea 
level, Kashmir, with its moderate temperature during summer, 
provides a very attractive refuge from the heat of the Indian plains, 
Winter is pretty severe and the valley experiences snowfall many 


times in the season. 


Rainfall 
As shown in Fig. 2, there are eleven Rainfall Gauge Stations 
in the valley of Kashmir. Rainfall data for the past twenty years, 
from 1932 to 1951, has been examined. It is seen that the yearly 
rainfall in the valley is not so heavy as it is generally on the 
mountains or in the foot of hills, since it is on the lee side of the 
mountains facing the monsoons. In fact there isno rainy season 
in Kashmir. The maximum rainfall occurs during the months of 
August and September and in early spring which leads to high floods 
in the Jhelumriver. The total yearly rainfall during the past 
twenty years was maximum inthe year 1948 and was 77'50 inches, 
though the normal yearly rainfall is above 30 inches. Annual rain- 
fall data from 1932 to 1951 is given in Table No. 1. The monthly rain- 
fall data from 1940 to 1951 and the monthly average temperatures, 
hunidity and vapour pressures in the valley from 1932 to 1951 
are given in Appendices I and II. It will be seen that the monthly 
average temperature varies from 27°F to a Maximum of 80° F, 
Humidity varies from 63% in dry season to 95% during rainy season, 
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Fig. 2—Location of Rain Gauge Stations in Kashmir Valley. 


Means of Communication 


There are important highways connecting the valley with the 
outside world. The important towns and cities are connected by 
metalled roads; while bridle paths and foot tracks connect the 
rural areas. Boats and river traffic forms one of the most important 
modes of transportation and travel in the valley. 


Population 


The population of the Kashmir valley is about 15 Jakhs, most of 
which lives in the rural areas, 
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No. 





Srinagar 


Avantipura 


Anantnag 


Kulgam 


Durroo 


Malashibagh 


Baramulla . 


Langet 


Sopore 


Handwara . 


Sri Pratap Singh 
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TABLE 


Yearly Rainfall at Various Rain Gauge Stations in 


1932 | 1933 | 1934 | 1935 


Sn ee ee A Sl tS ee 





1936 | 1937 | 1938 ; 1939 | 1940 
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the Valley of Kashmir from 1932 to 1951 





1941 | 1942 





avid | 30°71 
29°26 35°91 
28°51 24°02 
34°81 32°66 
43°90 | 42°37 
24:07 | 40°23 
30°50 | 37°59 
ee | 51°91 
30°77 | 37°85 


37°29 | 38°12 


50°62 | 16°76 
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| 1947 
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* 18°97 | Record not available 
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42°32 1862 32°35 | 13°71 
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The Hydrographic System of the Valley. 
Drainage Channel 


The slopes of the mountains descending towards the central 
plain are drained by numerous streams which join the Jhelum river 
within the valley. Formed by the mountain streams that drain the 
south-east portion of the valley the Jhelum river flows in the 
north-westerly direction for a length of 70 miles to the Wular lake. 
Passing through the lake, it comes out at its north-west end and 
flowing for a length of 17 miles, it rushes through the gorge in the 
mountains at Khadanyar. Above* Srinagar, its affluents are the 
Lidar, the Veshau, the Rambiara, the Wankaran and the Arapal, 
Below the city. the Dudhganga- and the Sind river are its main 


tributaries. Below Wular lake the river is joined by the Ningle "| 


nallah, the Pohru river, the Vijh na!lah and many other hill torrents, 


Lakes, Jhils and Marshes 


The Wular lake isan important feature in the hydrographic 
system of Kashmir. It functions asa large flood reservoir for the 
greatest part of the drainage of Kashmir. Every stream and 
torrent that flows in the valley above the Wular lake must bring 
its water to it. 


From Avantiput to Sopote, a long series of depressions. lakes, 
thils and marshes connected with the river at certain places by out- 
falls and extending in the valley to the left of the river, for a length 
of 35 miles from Banihal to Pattan on the Baramulla road, receive 
the drainage of the Pir Panjil range. Formerly, the swamps formed 
a single, Jong and natrow lake that was divided bv ridges farmed 
by silt deposits brought down by hill torrents from the Pir Panial. 
During floods, spills from the Jhelum river silted up the lakes and 
raised their general bed. Fig.3 shows the survey of the valley 
on the left of the river from Dogripura to the flood-spill channel 
and also the location of the nambals and lowland ahove Srinagar. 
Figs, 4 A, B. give views of nambals opposite Masyari above Srinagar. 


‘It is actually below Srinagar that a chain of deep marshes and 
lakes exists in the valley on the left bank of the Jhelum River. The 
first of this series is the Batmallu nambal which extends for a 
length of about five miles from South-east to North-west and occu- 
pies an area of about 27,000 acres. It is embanked on all sides except 
at places where it is connected to lower marshes. The average 


bed of this nambal is higher than the low water level in the Jhelum 





Fig 4. 
opposite 
pupplemer. 


-A—The Namlal along t 
Masyari village 





he Karewas on the left 


throug 
tary channel passes. 


river at this cross-section. The Batmallu nambal is sepatated 
from the valley above Srinagar by Dudhganga ridge. The flood 
absorptions capacity of this nambal has been 
a part of flood coming down the river through a flood spill channel 
into it and back to the river again from its downstream side, 


at Parampura,-The contour survey plan of nambal is shown in Fig. 5. 


Contour survey plan of the valley on the left bank- of the river 


between the 


_ is given in Fig. 6. 


Fig, 4-B—Anothcr view 
ot the Nambals oppusice 


Masyari. 


h which the proposed 


utilised by diverting 


River -andJ.V. Road from Shalteng to Sumbal 
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1 is the Hokarsar lake which extends 
This is fairly deep and never goes 


dry. A part of the flood discharge from Batmallu nambal is 


received in the Hokarsar lake and transmitted to the lower lakes. 
This lake also has high bunds on all sides. Towards Wular, there 
are three other important CJhils, Miragund lake, Nowgam Jhil, 
and Haigam Chil, inter-connected by flood channel. During high 
flood stages, these are inundated. The survey plan of the Miragund 

hils are gradually diminishing in 


lake is given in Fig. 7, These J 
The (Figs. 8—A, B) give the 


size due to the process of siltation. 
Hokarsar Lake and its outlet channel near the Narbal bridge. 


Next to Batmallu namba 
over an area of 3 square miles. 
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Fig. 7—Contour Survey Plan of Miragund Lake. 
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rural areas. The importance of navigation in the Kashmir valley 
may be estimated from the fact that the population of the: boat- 
men and their families subsisting on boat traffic amounts, according 
to the census of 1951, to about 50 thousand. All the cities of the 
great kings in the past and those existing today are situated on the 
bank of the Jhelum river. 


At Khannabal, the river becomes navigable and continues to 
be so throughout its course through the valley. ‘There are other 
streams, canals and lock channels that facilitate navigation. _ 


Sonti kuhl connects the river with the Dal lake and greatly 
facilitates the transport of the manifold produce of the lake to the 
market place. Kut kuhl, the canal that takes off from the left bank 
of the river at Shergarhi, and rejoins the river near the last bridge, 
provides a short cut for the boats across the great bend that the 
river makes through the city. The weir at Chhattabal regulated 
by wooden needles makes the river within the city navigable even 
in low stages during winter. Another canal, the Asham nallah, 
which took off from the left bank of the river at Shadipur, provided 
a short cut to Sopore making it possible for the boats to avoid the 
stormy and dangerous passage of the Wular lake. This nallah has, 
however, been closed recently. 
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CHAPTER THREE 


PHYSICAL CHARACTERISTICS 
OF THE JHELUM RIVER 


The Source and Headwaters 


The Jhelum river has its traditional source, in a magrificent 
spring called “Chashma Verinag” situated in south-eastern corner 
of the valley just below the Banihal pass. The water of this sacred 
spring joins the Sandran, a stream formed by numerous springs that 
drain Shahabad pargara. At Khannabal, near the town of Anantnag, 
the Sandran river is joined by two other smal] streams, the Bring 
and the Arapath A short distance below Khannabal, the combined 
waters of the above three streams are joined by the Ledar. The 
Ledar river is the biggest of all the affluents that form the 
headwaters of the Jhelum river and is fed bya number of ‘glaciers 
from the high range towards the Upper Sind Valley. The river so 
formed flows in a north-westerly direction between high alluvial 
plateaus for a distance of three or four miles. When at Sangam, it is 
joined by the combined waters of its two large tributaries the 


Veshau and the Rambiara rivers. 


The Tributaries 


The Veshau and the Rambiara 
The Veshau is a considerable stream with a minimum discharge 
of about 200 cusecs. It drains the northern slopes of the Pir Panjal 
range between Sidan and Banihal passes. Its boulder or gravel 
node is situated at a great distance from its confluence with the 
Jhelum river. For several miles before its junction with the Jhelum, 
it flows in a well-defined channel between high banks (Figs. 1C— A,B). 
It is a narrow and deep stream with an average width of 150. to 200 
feet and carries coarse sand on its bed. Itsslope is much flatter 
than that of the Rambiara. In its lower reaches it meanders con- 
siderably causing damage to lands and villages situated on its 











Fig, 10sA—The Veshau River above its junction with the Rambiaza River 


banks. As the river enters the plains, numerous kuhls or irrigation 
canals are taken from it. Sunamani Ruhl is said to have been 
constructed by King Suvatna in ancient times. This canal takes off 
from the Veshau near the village of Adavin. Nandi another old 
kuhl, takes off from the Veshau near Kaimuh and irtigates the land 


hetween the Jhelum river and the lower reaches of the Veshau. 
The Veshau river is navigable up to Kaimuh. 


The Rambiara is a smaller stream than the Veshau. However, 
it has a steeper slope. is shallow and spreads over a:!arge and mostly 
dry bed divided in a number of creeks as shown in Figs. 11—A.B. 
The Rambiara drains the high hills between Pir Panjal and Rupri 
passes. As compared with the Veshau, the Rambiara has got a 
smaller and not much distant catchment area so that the floods in 
this river ate brief and sudden. Its minimum discharge is from 50 
to 100 cusecs. As it enters the plains below Huravur, it drops its 
load ’of rubble and boulders, just a few miles before it joins the 
Veshau, a short distance above their common comfluence with the 
Jhelum at Sangam. As the case with the Veshau, the Rambiata has 
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Fig.11-B—The Rambiara River entering the Plains below Hurapur. 


also been embanked in its lower reach, When in spate, the Rambiara 
spills over its banks. At places, the left embankment gets breached 
and a large area is inundated. The spill from the river spreads in 
the valley and flows in a channel formed by the depresssion on the 
left side of the valley. This spillwater ultimately finds its way to 
the Jhelum river through the Romshi nallah, a tributary of the 
Jhelum river. A number of kuhls have been taken from the river. 
These kuhls have later on developed into the large river channels 
causing heavy damage to the cultivated land and villages. 


The confluence of the Veshau and the Rambiara is situated at 
Naiyun, a short distance from Sangam. The channel formed by the 
combined waters of the two rivers is deep and is unfordable at all 
times of the year. 


The Wankaran and the Arapal 


Below Sangam, the Jhelum river. receives two small streams, 
the Wankaran and the Arapal, from its right side. The Arapal 
drains the side valley of Velor and joins the river a few miles above 
Avantipura. 


The Romshi and other small Affluents 


The Romshi enters the river from the left, 16 miles downstream 
of Sangam (Figs. 12A—A. B). It is very small in volume but swells 





h the Jhelum R.ver. 


Fig. 12-A—The Romshi Nallah above its Junction w 
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up considerably when it receives the spill from the Rambiara river. 
A long section of the Romshi nallah for three miles from its junction 
with the Jhelum river is given in (Fig. 13). 


There are other small affluents flowing from the left which do 
not reach the river direct but end in low-lying swamps that are 
connected to the river by gates constructed in the river embank- 
ments. Discharge of any of these affuents is not known. 







Fig. 13—Long section of Romshi Nallah for three miles from its junction with 


the Jhelum River. 


Course of the River above Srinagar 


From Khannabal to Srinagar, the Jhelum river flows along the 
right side of the valley close to the hills, while the main width of 
the valley lies on its left. The river flows in a single channel 
between high earthen embankments constructed by Zamindars 
since ancient times. The river meanders heavily in this reach. 
The thalweg length of the river in this reach is 46 miles in a straight 
distance of 32 miles. It makes sharpe bends and loops (Fig. 14). From 
the position of ancient sites of cities along the river course, it can 
be inferred that the river has not changed its course appreciably 
during the last two thousand years. Twenty one miles downstream 
of Sangam, the river flows past the Wastervan spur that projects 
considerably into the valley, thereby reducing the width of the 


valley at Avantipur to less than two miles. 


As is the case in almost all alluvial streams, the level of the banks 
of the Jhelum river is higher than the land on the left where the 
lowest land forms the swamps which are surrounded by cultivated 
land. From Avantipur to Srinagar, a series of depressions form a 


continuous chain of nambals. When the river is in flood and over- 


flows its bank or breaches the embankment, the spill water flows 
through this chain of nambals and rejoins the river near 


Padshahibagh. 
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The Jhelum River in Srinagar 

From Pampur bridge to the junction o es echoes wees nage 
Sonti Buhl, an overflow channel from Dal a es Cee eek 
through stone-pitched embankments which Oe eo aoe 
a crust of earth about four feet thick. From the jun pen 
ward, through the city proper, the river flows betwee Sere: 
lines of houses constructed on both the aaa ieee 
bankments consist of large blocks of stone which, ee r nes 
sculpture on their faces, belonged to temples and other struc 5 
of ancient times. The waterway of the river contracts toa ae 
near the great bend of the river at the fourth bridge where t af 
river takes a south-westerly direction from a northern one. 
canal named Kut huhl, taking off from the left bank of the river 
near Shergarhi, rejoins the river near the last bridge and allows 


the boat traffic to cut this bend. 


f the Jhelum river with 


The Sonti Kuhl 


Just before the river enters the city, it is joined by a stream 
which drains the Dal Jake, which is situated in the east of the city. 
This stream, draining the surplus waters of the lake, which is fed 
by plentiful of springs, is called Sonti Ruhl and passes through a 
marsh named Brari nambal between high embankments and joins 
the Jhelum river just opposite Shergarhi. A gate controls the flow 
of Dal lake into the river. A small channel, Mayasum, taking off 
from the Jhelum river just above the city club, joins the Sonti buhl 
and thereby turns the ground between it and the Jhelum river into 
an island. 


The embankment, through which Sonti kuhi flows, stretches 
from the west of the Shankaracharya hill to the high bank of the 
Jhelum above the second bridge, and is the most substantial one 
around Srinagar. It protects the city on the righc side of the river 
as well as the floating gardens and the shores of Dal against floods 
in the river. 


This embankment exists since Praversena’s time (middle of 
sixth century A.D.) when the city was founded by him. Other 
embankments, (Setu now Suth) with the accompanying system of 
flood gates, controlling lateral drainage, and the left bank of the 
river, were also built in old times. 
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UJS & DIS of the Chhattabal Weir (1950) 


Fig. 15—Long Section of the Jbelum River for 800’ 
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Chhattabal Weir 
The importance of river-traffic in the Kashmir valley cannot be ; 
imated. To raise the water levels within the city 1n normal : 
o feet high and ° 


and low discharges of the river, a weir, about tw 
capable of bing regulaced with wooden needles, has been construct- 


ed across the river at Chhattabal below the seventh bridge. To 
allow boat trathic alung the left bank of the river at the weir, a. 
bye-pass channel has been constructed, It is to the heading up 
caused by this weir that the river within the city owes its great 
depth, expanse and picturesqueness. During the flood, the needles 
are taken out and the water allowed to pass unhindered. A Jong 
section of the river at Chhattabal is shown in Fig. 15. 


over-est 


Flood- Spill Channel 

Besides the system of embankments the city of Srinagar is 
protected against flood by a flood-spill channel that carries away 
the waters, over and above the capacity of the river within the city, 
to Batmallu nambal (Fig 16). Its capacity wasabout 18.000 cusecs, 
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hee 
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a 
Fig. 16—Head of th 
e Flood-Spill Cl j : 
Srinagar. hannel taking off from the river above 


but due to silting up i 
p it has considerably d 
y decreased. A 
ee ies to Batmallu nambal returns to th ie of the 
y at Shalteng while the rest flows through a. chai e river below 
the Wular lake at Ningle, : chain of nambals to. 
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The Jhelum river Below Srinagar to Shadipur 


Below Srinagar, the Jhelum river flows for a length of 32 miles 
to Banyari/where it joins the Wular lake. On the way, it receives 
a number af tributaries, the most important being the Sind river, 


The Dudhganga River 


A few hundred yards from the Chhattabal weir, a considerable 
river, Dudhganga joins the river onits left bank. It rises in the 
central part of the Pir Panjal range round the mountain Tata Kuti. 
Its chief sources are the two mountain streams Sang-safed and the 
Yachera. During the construction of the flood-spill « channel 
across the river, a small portion of the river discharge was passed 
in’ a syphon under the flood-spill channel, while the main river 
was diverted and carried parallel to it toa separate mouth in the 
Batmallu nambal. The water that flows from the Dudhganga river 


into the nambal during a flood may be estimated at about 4,000 
cusecs. 


Histy Sit Tina te nas eign ae a ee 


The traditional source of this great river lies in the sacred 
Ganga lake on mount Haramukh. The true hardwaters of the 
river, however; emerge near the Zojila and Amarnath peak. 
The river has got a course of sixty miles toits confluence with the 
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Fig. 17—The Sind Rive: neat Ganderbal 
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Fig. [8—The Anchar Lake 


Jhelum river opposit: the villag2 of Shadipur and drains the highest 
and the largest portion of th2 mountain chains to the north of the 
valley. As the river, shova in (Fig. 17), enters the plains, it spreads 
into numerous branches forming an extensive delta. The delta is 
covered in its greatest portion, by shallow marshes known as Anchar 
(Fig. 18), The eastern boundary of the Anchar is marked . by high 
ground which connects Srinagar with the foot of the spur at the 
mouth of the Sind Valley. In the west, an alluvial plateau continues 
on the right side of the lower Sind valley down to the confluence 
of the river with the Jhelum. The base of this triangular delta is 
the Jhelum river. The embankment on the right side of the 
Jhelum, from Srinagar to the confluence, separates the Jhelum river 
from the marshes of the Anchar. The waters of the Sind after 
spreading over this wide delta leave it in a single channel at its 
western extremity and join the Jhelum at Shadipur. A survey plan 
of the Anchar lake is given in Fig. 9, An 


The Jhelum River Below Shadipar 


The combined waters of the Jhelum and the Sind rivers flow 
between embankments fora distance of 19% miles upto Banyari, 
where the river enters the Wular lake. Just below the village of 
Sumbal a few miles below the confluence, the tiver passes the foot 


1 
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of an isolated hill, rising about one thousand feet above plain. 
Sheltered by this hill, aout two miles long and occupying a rock 
basin, is the small lake of Manasbal. It is the deepest of the lakes 
of the Kashmir plain and is connected with the river ky a 


short channel and is partially fed by an irrigation canal from 
the Sind river. 


A short distance lower down, two villages, reclaimed from the 
Wular, are situated on the left bank of the river. From the circular 
dykes which were built round these villages to keep off water, 
these villages received the designation of Kundala (ring). The 
villages are named Utsakundala and Marakundala. The river 
embankments from the confluence to Banyari were made of stone. 
Kalhana in his “Rajtarangini’ refers to stone embankments 
constructed along the Jhelum river for seven Yojnas (about forty- 
two miles) and the damming in of the Wular lake. 


CHAPTER FOUR 


THE HYDRAULICS OF THE JHELUM 


RIVER ABOVE WULAR LAKE 


The Waterway — 
From Sangam to Banyatri, 
embankments constructed rignt.on t 


Zamindars since ancient times. © 


the river flows between high earthen 
he edges of the river by 


Above the city, the area of cross-section of the river under 
the high flood level is about 7,0C0 square feet with the water 
surface width varying between 400 to 700 feet and an average 
depth of 16 to 20 feet. Through the city, the waterway is 
about 7,000 square feet, the width varying between <(O feet to 
259 feet and an average depth of 14 to 21 feet. Below the city, as far 
as Shadipur, for a length of 17 miles, the waterway on the average 
is about 9,000 square feet with a width of 400 feet and an average 
depth of 14 to 16 feet. Below Shadipur, the waterway for the 
combined waters of the Jhelum and the Sind rivers, is about 10,000 
square feet with a width and depth of about 700 feet and 13 to 14 


feet respectively. 


The Water Surface Slopes 

The surface slope under normal flow conditions flattens from 
1 in 6,000 at Kkannabal to 1 in 10,000 at Padshahibagh. Due to the 
contraction of the channel in the city and afflux caused by the 
bridges, the slofe flattens still further to 1 in 17,000 from Padshahi- 
bagh to Munshibagh, Below the city, from Munchibagh to 
Gagarzoo, the slope is 1 in 6,000 due to afflux in the city. Between 
Gagarzoo and Banyarithe surface slopes are very flat and vary 
between 1 in 16,000 to 1 in 8,000. 


In low stages, the water surface slope from Khannabal to 
Padshahibagh varies from 1 in 8,000 to 1 in 11,000. Through the 
city the slope is 1 in 62,500. Immediately below the city to Gagarzoo, 
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the surface slope in low water becomes very steep, viz., 1 in 4,000. 
Between Gagarzoo and Shadipur the slope flattens to 1 in 13,000 to 
1 in 20,C00. Below Shadipur to Banyari the slopes again come to 1 
in 8,000 to 1 in 11,000 as between Khannabal and Padshahibagh. 


During high flood stages, the water surface-slopes vary 
considerably in different reaches. From Khannabal to Sangam the 
slope varies between 1 in 6,000 to 1 in 7,000. Due to extensive 
spilling at and above Avantipur, the water surface slope between ~ 
Sangam and Avantipur steepens to 1 in 4,000. Between Avantipur 
and Padshahibagh the water surface slope flattens to lin 10,000 to 
1 in 15,000. From Padshahibagh to Munshibagh the slope steepens 
to 1 in 2,000 due to draw of the flood-spill channel situated below 
Padshabibagh. Below Munshibagh in the city to Banyari where 
the river enters the Wular Lake, the water surface-slopes vary 
irregularly between 1 in 4,000 to 1 in 15,000 due to numerous 
breaches in the bunds on both sides of the river. Table No. II shows 
the water surface slopes of Jhelum river for minimum, maximum 
and the normal water levels. Table No. III shows the maximum and 
minimum water levels in the Jhelum river from 1929 to ‘1951. 


The Bed 


The Jhelum river is an alluvial stream. From Sangam to 
Srinagar, the river flows in a single channel. When the river 
is low, as during the winter, the banks rise on the average about 
15 feet above the water level. But during floods the banks are 
overtopped. The banks of the river are formed of the same material 
as brought by the river in floods. The tributaries of the river like 
the Lidar, the Veshau, the Rambiara and the Wankaran drop their 
load of boulder and shingle before they join the river. At Sangam, 
the bed is constituted of coarse sand of the order of about 
1'0 mm. diameter and the shoals are of the order of 05 mm. 
‘Table No. IV gives the bed slopes of the Jhelum river between 
different reaches for twenty years from 1929 to 1°49. 


During floods, considerable quantities of sand and clay are 
transported by the river. That the bed of the river is continuously 
silting up for the last so many centuries is borne out by the position 
of the land below Kundala villages that projects like a peninsula 
into the Wular Lake. It can be safely inferred that the creation 
of this strip of land, somz seven miles long, is due to the continuous 
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FLO | 
TABLE 


Jum River for Minimum, 


Water Surface Slope of Jhe 
_ Reduced Levels. 














: Reach 
S. No. es ee ae ee Upstream Downstream 
From | To end ae 
ie bee SS 
; MAXI 
1 Khannabal, 0 Sangam, 12-25-4 5213'38 5207°12 
2 Sangam, 12/1 Avantipur, 22/1 520637 520012 
3 Avantipur, 22/1 Padshahibagh, 44/3 520612 5189°79 
4 Padshahibagh, 44/3 Munshibagh, 54/1 5189°79 5189°55. 
5 Munshibagh, 47/3 Gagarzoo, 54/1 5189°55 5182°10 
6 Gagarzoo, 54/1 Mujgund, 59 518210 5180°80 
7 Munjgund, 59 Shadipura, 64 5180°80 5178°60 
8 Shadipura, 64 Asham, 70/1 5178°60. 5175°05 
9 Asham, 70/1 Banyari, 80/3 5175'85 5168°73 
10. Sopore, Chain 646 Seer, Chain 475 5165°72 5165°15 
oT Seer, Chain 475 Baramulla, 15 5165°15 5159°90 
12 Padshahibagh, 44/3 Munshibag, 47/3 5188°04 5186°15 
13. Munshibagh, 47/3 Gagarzoo, 54/1 5186715 5182'65 
: oe rie MAXIMUM 
annabal, 
Sangam, 12/1 5237'88 5228 82 
ae ; 5229'02 8219°32 
angam, 12/1 ‘ i 
Avantipur, 22/1 5229'02 5219°52 
! om 5219°52 5203°04 
yantipur, ; 
4 Padshahibagh, 44/3 ae eer 
adshahibagh, i 
: Munshibagh, 47/3 520690 519825 
5198'70 . 


520690 














ee “; : et yen 2 
THE HYDRAULICS OF THE JHELUM RIVER 45 
No. I 1 


Maximum and Normal Water Levels 











Difference in| Distance in Slope 1 Slope per Remarks 
Levels feet in toot 
ne i a SR ae ae ee 
6 i 8 9 10 
MUM 
6°26 61250 9784 ‘000102 The surface slopes have 
been calculated from 
the gauge readings. 
6°25 50000 8000 00012 
16°33 112500 10890 “00009 
0°24 15900 62500 “O000L 
7:45 32500 8228 “00012 
1:30 23750 18269 “00005 
2°20 25000 11334 “00008 
3°55 31250 88)3 “O00LL 
7:12 52500 7373 00013, 
0°57 17100 3000 “00003 
5°25 46000 8000 “00012 
1°89 15000 7937 02012 
3°50 32500 9236 000107 
FLOOD LEVELS 
9°06 61250 6761 “00014 ee ee 
0°70 6314 “v0015 
‘9°50 50000 5233 1000108 
10°48 3034 0033 
768 112500 146 8 “000068 
114 98634 “02001 
8°25 15000 1818 ‘000504 | 
‘8°20 : 1829 “00054 
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; Reduced Levels 
Wa Sie ee ee 


Reach 


a VALLEY 


—————— 








‘TABLE 


— 











11 Seer, 475 





Shh SS eee Upstream {Downstream 
ron | To end anes 
= 2 3 4 2 ais 
: MAXIMUM 
5 Munshibagh, 47/3 Gagarzoo, 54/1 Brey pia en 
6 Gagarzoo, 54/1 Mujgund, 59 ae pleas 
7 Mujgund, 59 Sbadipur 519320 -5189°30 
8 Shadipur, 64 Asham, 70/1 5189°30 5181'28 
9 Asham, 70/1 Banyari, 80/3 5186°10 5181'78 
NORMAL 
1 Khannabal, 0 Sangam, 12/1 5217°82 5202°62 
2 Sangam, 12/1 Avantipur, 22/1 5208°62 5202°57 
3 Avantipur, 22/1 Padshahibagh, 44/3 5202'57 5191°09 
4 Padshahibag, 44/3 Munshibagh, 47/3 5191°04 5190°15 
5 Munsbibagh, 47/3 Gagarzoo, 54/1 5190°20 5184°60 
6 Gagarzoo, 53/1 Mujgund, 59 5184°80 5183'10 
7 Mujgund, 59 Shadipur, 64 518200 5181°30 
8 Shadipur; 64 Asham, 70/1 5181°50 5178°30 
9 Asham, 70/1 Banyari, 84/3 5176°40 5172'23 
10 Sopore, 645 Seer, 475 5170°47 5169°90 
Baramulla, 15 5170°00 5165°90 
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Neo. ft t—conid. 








Difference in , Distance in Slope 1 Slope per Remarks 
Levels feet in foot 
Poe | 
6 7 8 9 10 





FLOOD LEVELS—contd. 


4°10 32500 7927 00012 
3°30 9848 “000101 
2°60 23750 9135 ‘00109 
1:40 16964 00005 
3:0 23000 6410 “00015 
8°02 31350 3896 "00025 
4°32 52500 12152 00008 


WATER LEVELS 


eee 61250 6621 “C0015 
9:05 50000 8264 ‘00012 
11°48 112500 9800 “000102 
0:89 15006 16854 “00005 
5°60 3.2500 5803. —-*00017 
170 23750 13971 “OCCO7 
1:70 15000 14706 “00006 
3°20 31230 9770 09102 
617 52500 8509 ‘00011 
057 17100 39000 “00033 


4°1 46000 . 11220 “000089 
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TABLE 


Maximum and Minimum Water Levels 







































c : 1929 1930 1031 1932 1933 
8 eee ge Maximum | Maximum | Maximum Maximum Mas vont 
wn Distance from Minimum | Minimum | Minimum | Minimum inimum 
I 
5241°31 5219°18 5227°88 5222°40 
: SAE ae ay ed 5213 76 5216°03 5241°23 5219°06 
@ 6$a.m. : 

i 52198 5229°02 5221°12 5216'80 

; Se ee 2 - 5206°82 5206°02 5206°00 5205°02 
3/A i 22. a ‘5213°7 5218°50 5206°7 5210°90 
eps 2) 5201°0 5200°20 5200°10 5199°90 

4 | Padshahibagh (443) 5 52020 5210°30 5196°70 5199°10 
R.L. 5184°20 5183°30 518 3°20 5187°40 5187°80 

5 | Munshibagh (473) A 5200°70 5209°2 5185°70 5198 50 
R.L. 5184°20 5191°90 9199°80 5198°50 5185°70 

6 | Gagarzoo (544) i Construc- 519740 5191°00 5193°30 
R.L. 5180°00 ted in 7/3 5182°30 5182°20 5282°40 

7 | Mujgund (59) - 5193°60 5196°40 5188°10 5191°40 
R.L, 5180°00 5180°30 5180°20 5180°40 5180°20 

8 | Shadipur (644) 8 5190°80 5192°60 5189°50 5189°20 
R,L. 5177 00 5178°30 5178°10 5178°40 5173°30 

9 | Asham (704) Hs 5168°33 5188°€0 5186°60 5181°00 
R.L. 5174°00 5175°40 5175°10 5175°40 5175°40 

10 | Banyari (814) H 5168°33 5171°28 517783 5179°33 
R.L.5168°13 51€8°28 5170°33 5170°28 5171°75 
11 | Sopore (646) 5171°52 5182°80 5182°70 5176°70 5179°20 
a One nae uo 5176°52 5167°87 5166°20 5165°40 5165°50 
12 | Seer (Ch. 475) Not 5182°10 5181°40 5176°30 5178°40 
A.B.B, R.L.5162'00} recorded 5165°50 5165°90 516500 5165°30 
13 | Baramulla (Ch. 15) mH 5177°30 5176°90 5171°50 5173°40 
A.B.B.R.L. 5156'00) 5161°70 5160°70 5160°10 5159°80 





Note;—A.B,B,=Above Baramulla Bridge, 
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1934 
Maximum 
Minimum 


5219°34 
5213°06 


5212°50 
- 5206°40 


5205°90 
..5200°30 


519430 


5187°50 | 


5192"40 
5185°70 


5189°40 
5182°70 


5187°30 
51040 


5178°50 


5183" 20 
5175 30 


5176°10 
5169°78 


5175°30 
5165°40 


% -5174°€0 
5165°80 


5170°10 
5160°50 


5186°00 , 





1935 





) 1936 1937 1933 1939 1940 
Maximum Maximum | Maximum | Maximum Maximum |Maximum 
Minimum | Minimum | Minimum | Minimum Minimum | Minimom 
5228 36 5222743 522243 5223°13 5220°93 522443 
521918 5210°43 5212°63 5213743 5213°43 5214°03 
5220°32 5220°22 5215°22 5218°42 5215°12 5217°77 
5206'32 5206°€2 52.6°37 5206°57 5206 37 5206°42 
5213°32 5213°57 520847 521012 5208°52 5211°97 
5199°82 5200°37 5200°12 5200°12 5200°07 5199 87 
5200°84 5200°44 519634 5199 89 5196°64 5201°04 
5187°74 5188-09 5188°04 5188°09 5187°99 5183'29 
5199°40 5199°20 5195°30 5198 60 5193750 5199°65 
518590 5186°25 51t6715 5186°70 5186°70 | 5187 40 
519380 5194°65 5191°80 5194-00 5191°50 | 5193°60 
5182°20 5182°70 5182°40 5182°40 5182740 5182'50 
5191°65 5192°30 5189°70 5191°60 5189°70 5193°05 
5179°95 5180°40 5179°¢5 5179°75 5179°85 5179°95 
5188°80 5189°20 51S7°80 5188°20 5187-70 519005 
517815 5178°40 517835 517820 517745 5178740 
5186710 5186'20 5183'30 "5185°55 518500 | 5187°00 
5174.15 5174°85 5174°35 517480 5174°70 5174°70 
5181°00 5180°60 5178°60 5192°40 | 5179°33 | 5181718 
5177°80 5170715 5170°30 5177°33 | 517143 | 5169°63 
517860 | 518042 |  5178°47| —5180°77 517987 | 5179°12 
5165°57 5115°92 5166°17 5165°72 | 5165°82 | 5165°82 
| 
5177 90 5179°75 5177°70 5180'00 5179°25 | 5179°20 
51605°05 5165'50 5165°70 516490 5165°00 } 5165"10 
5173'10 5174°70 5172°70 5175:00 5174°30 5173°70 
5159'90 5160°50 51€0°60 5159'95 5159°95 | 516000 




















a 
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fo} 
4 Station 
“a 
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1941 


Maximum/Maximum 





1912 


1943 


1914 


TABLE 


: : 


1945 


1946 


Maximum|Maximum |Maximum |Maximum 


Minimum |/Minimum {Minimum |Minimum {Minimum |Minimum 





it Khannabal 


2 | Sangam 


3 | Avantipur 


4 | Padshahibagh 


5 | Munshibagh 








6 | Gagarzoo 
7 | Mujgund 
8 | Shadipur 
9 | Asham 
10 | Banyari 
11 | Sopore 
12 | Seer 


13 | Baramulla 


a SE EE SE Tt A NAAR NCSC SERS 


5233°73 
5213°43 


5225°87 
5206°67 


5216°92 
5199°97 


5201°04 
5189°29 


5201°20 
5189°65 


5195°59 
5182°65 


5193°60 
5180°10 


5190°55 
5178°40 


518700 
5174°95 





5180°23 
5172°33 


5176°77 
5165°82 


5.76°20 
5165°50 


5170°60 
516550 


——— 


5229°43 
5212°43 | 


5217°62 
5206'57 


5216'07 
5200°02 | 





5202°34 
5190°14 


5200°60 
5187°45 


5195°39 
518500 





5193°60 
5180°80 


5189°05 
5178°40 


5187°00 
5174°70 


5181'13 | 
5172 33 


5179°97 | 
5166°27 





5179°40 
516500 | 





5174°00 | 
5161°25 | 


5223 43 
5212°23 


5224°22 
5206°42 


52:!6°32 
5200°22 


5202°94 
5188°79 


5201720 
5189°50 


5195°15 
5183°00 


5193°50 
5181°05 


5190°40 
5178°95 


5187°90 
5174°95 


5180°83 
5172'33 


5180°92 
5160'07 


5180°35 
5165°55 


517550 
5160°30 





5219°43 
5215°43 


5218°72 
5206°32 


§212°42 
5200°12 


5202°04 
5190°09 


5199°50 
5187°20 


5193°45 
5182°50 


5191°50 
5180°95 


5187°90 
5178°85 


5181°70 
5174°60 


5178°43 
5172°63 


5176'87 
5163°97 


5176°50 
5165°40 


5171°20 
516040 





5219713 
5213°13 


5216°92 
5206°42 


5210°12 
5200°52 


519304 
5189'34 


5196'50 
5186°80 


5191°60 
5182°60 


5190°00 
5181°25 


5187°40 
51780 


5184°10 
5174°80 


5178°73 
5170°13 


5176 87 
5166°07 


5175°30 
5166°40 


5172°60 
5160°50 





5217°68 
5213°33 


5213°57 
5206°42 


5205°22 
5200°17 


5194°04 
5188°04 


5192 50 


5168°60 
5182°35 


5185 90 
5180°50 


518450 
5178°50 


5180°35 
5174°85 


5176°73 
5168°73 


5175°37 
5165°67 


5174°60 
5165°30 


5170°30 
5160°30 
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1947 1943 1949 1950 
Maximum | Maximum | Maximum 
Minimum | Minimum | Minimum 


1951 
Maximum | Maximum 


ax! Remarks 
Minimum | Minimum 





5219°43 5237°88 5221°13, 
..5213°43 521613 5216°03 


522162 5223°82 52.16°42 
5206°42 5206°42 5205°62 


5214°82 5217°22 5209°82 
+ 5200°32 5201°03 5199°97 


5199°64 5208°04 5202°74 
5189°79 5190°34 3189°59 


5198°60 5206°55 5194°40 
5188°80 5188°60 5182°75 





B ari gauges are not recorded 
eo uo 15th Oct. (30th Assuj) 





5194°70 5198°45 {519440 
5182°60 5182°60 5182°75 
a) 
5190715 5193°20 5192°00 a 
518110 5180°90 5181°05 SF ics 
m3 
5188°65 5193°20 5179°60 Ren 
5178°90 5178°45 5178°45 = 88 
Ba 
a 
Bos 
5185°45 5189°36 518680 se BS 
5175°20 5175°10 5174'85 Me 9 
5177°98 5181°78 5181'03 = 
5170°88 5169°63 5173'03 


5175°92 5182°77 5180°57 
5166°72 5165°87 5165°87 


5175°25 518210 
5166715 5165°00 51€5°80 








5170°70 5178'80 517560 
5160°90 5150°10 5160°90 


(a hi aat orate ae 
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TABLE: 
Bed Slope of the Jhelum River During 





Reach Reduced Levels 































S. No. Year - —— 
Upstream |Downstream 
From To end end 
‘ 2/1 2 5210°9 F201°1 
1 | Khannabal, 0/1 Sangam, 12] 13 5210°4 5202°3 
2 antipur, 22/1 92 52023 | 5193°90 
2 | Sangam, 12/I Avantipur | nee 5202°30 5193°9) 
3 vantipur, 22/1 P. , 35/1 192 5193°S0 518671 
i eget ak Ene 194 5193-0 5187°4 
4 | Pampore, 35/1 Padshahibagh, 44/3 | 1929 5186/1 51820 
: 1949 5187°4 5186°20 
5 | Padshahibagh, 44/3 | Munshibagh, 47/3 1929 5182°0 5181°2 
1949 5186°20 5183°7 
6 | Munshibagh, 47/3 Gagarzoo, 24/1 1929 5181°2 5178°9 
1919 5183°7 S5L79°1 
7 | Gagarzoo, 54/1 Mujgund, 59 1929 5178°9 5176°1 
1949 5179°1 5178°3 
8 | Mujgund, 59 Shadipur, 64 1929 517671 5172°6 
1949 5178°3 5174°5 
9 | Shadipur, 61 Asham, 71/2 1929 51726 5173°3 
1949 5174°5 5173'0 
10 | Asham, 71/2 | Banyari, 83/2 1929 51733 5261'1 
1949 5173°0 51640 
Il | Sopore (Ch, 475) Seer (Ch. 475) 1929 5156°9 5155°7 
A. B. B. A. B. B. 1949 5159°2 5156°5 
12 | Seer (175) A. B.B.| Jhama (Ch. 275) 1929 5155°7 5159°4 
A. B.B. 1949 51565 £161°4 
13 | Jhama (Ch. 275) Baramulla (Ch. 5) 1929 5159°4 5153°0 
A. B. B. A. B. B. 1949 5161°4 5156°5 
14 | Baramulla (Ch. 5) | Khadenyar 1929 5153'0 5152°9 
B. B. B. (Ch. 125) B. B. B. 1949 5'156'5 5155°5 








—_—_—_————— 


Note :—A.B.B. = Above Baramulla Bridge. 
B.B.B, = Below Baramulla Bridge. 
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53 
No. IV 
the Years 1929 and 1949 
LS 
Difference in Distance in Slope in 1929 Slope in 1949 
Levels feet ; 
: Slope per 5 Ss 
lin teak Tin tone per 
9°80 — Bs a 5 =e 
810 60 000 6,122 00016 7,400 00013 
8°40 — — = his stare 
8'40 50,000 5,952 “00006 5,°52 "00016 
7'30 — = _ — a 
6'50 65,000 8,333 C0012 10,000 0001 
4°10 — _ — _ SS 
1°20 47,500 11,585 “00008 39,583 “00002 
0'80 cms — = = i 
2°50 15,0¢0 18.750 *00005 6,000 00016 
2°20 = —_ —_ = = 
4°60 32,500 14,130 00007 7,065 . 00014 
2'80 ~_- _— — = ee 
0°80 23,750 8,482 00011 29,688 | *000033 
3°50 — — — —- — 
3°80 25,0C0 7,142 “00013 6,580 | - “00015 
0°70 — — ee = ak 
1:50 37,500 5,375'1 “00001 35,000 0004 
11°20 — os = eee 5 _— 
9°00 60,000 5,268 “00018 6,666 | 00016 
1:20 — — oe aee| BS, 
2°70 16,000 13,333 “00007 5,930 | “00016 
| 
3°70 — — — — | ~ 
4:90 20,020 5,405 “00018 4,031 “00024 
6°40 — = — = ; = 
4°90 27,000 . 4,218 00023 5,510 | “00018 
0°10 = = = = am 
1:00 12,000 120,000 “000088 12,000 00003 
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REFERENCE 
AVERAGE SED LEvrls 
1929 

193 Alar 
Foes ko — 
1D4Q mem ee 











MI bE AGE 


Fig. 19—Long Section of the Jhelum River showing ted levels for 


different years. 


deposition of silt going on in this portion cf the Wular Lake where 
the stream enters it. A striking proof for the gradual change thus 
effected is afforded by the position of the artificial island known as 
Zainalank, named after King Zainul!l-abdin who constructed it. 
According to the Chronicler Jonarajas’ description, it was built in 
the middle of the Wular Lake where water was deep. It is now 
situated in a shallow marsh close to the present embochure of the 
river. More recent indications as to the continual silting up of 
the bed of the Jhelum river are obtained from the study of four of 
its longitudinal sections (Fig. 19) representing average bed levels 
of the river after intervals of five to ten years for the last 
twenty years (1929—1949), The following broad trends are clearly 


visible :— 


(i) From Khannabal (mile 0) to mile No. 16, four miles 
downstream of Sangam, the river bed shows irregular 
and tremendous variations ranging from 10 to 20 feet. 
The Jhelum river in this reach is in bad order. 


(i) For twenty-two miles, from mile 16 to mile No. 43 about 
a mile above Srinagar city, the rise in the bed during the 
twenty years from 1929 to 1949 averages at four to six 
feet. It is fairly uniform and regular, 








$ 
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- (itt) In the city and down to Banyari, a total thalweg length 
of about forty miles, there is slight variation in the 
general rise of the river bed which during the last twenty 
years has risen by one to two feet. In certain small 
reaches the rise in the bed may be as high as six feet. 

The Velocities 

In low discharges, the velocities in the river range from 0°75 
to 1'5 feet per second. During flood, tke velocities from Khannabal 
to Munshibagh are from 45 to 5'0 feet per second. In the city, 
due to contraction in the waterway, the velocities range from 60 
to 6'5 feet per second.- Downstream of: the city, the velocity is 
about 3'5 feet per second: generally, 
The River Discharges 

For calculating accurately the river discharges, a discharge 
formula suitable to particular river conditions should be used. The 
characteristics of the river have a marked influence on the selection 
of the right formula.. No discharge observations, anywhere on 
the main river or on the tributaries, have ever been made in the 


valley. Only gauges have been -recorded ’ from which the 


discharges have been calculated. 


The Basis of Discharge Calculations : 

From the point of view of application of most suitable formule 
for calculating the flood discharge, streams are divided into three 
‘main groups : 

~ (i) Large rivers with flat slopes, i.e, slope less than 

-0'00015 and hydraulic mean radius much greater than 
3°28 feet (1 meter), viz., Ganges in India, Indus in Sind 

_ (Pakistan), Irrawaddy in Burma, Mississippi in U.S.A. 
and Volga in U.S, S. R. represent rivers of this class. 

(ii) Streams with normal slopes, i.e, slopes steeper than 
000015 and hydraulic mean radius’ greater than 3°28 
feet. 

(iii) Streams with flat slopes, i.e, slopes less than 000019 
and hydraulic mean radius less than 3°28 feet, 

The Jhelum river at full active stage has a slope of 000011 to 
000021 and the hydraulic mean radius varies from 13 feet to 22 
feet. In view of the above classification, the Jhelum river in the 
valley falls approximately under group (i). The flow formula 
most suited to group (i) is also eutaul to Jhelum river at active 


‘full stage, 
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56 
The two most widely used formul 

water in an open channel are “Manning” an 

” or more commonly known as 


‘Kutter’ 
formula is expressed as :— 
1486 2/3 1/2 


V= 
n 
Kutters’ formula is expressed in British units as below :— 


41 plus 1811 plus ‘00281/S J/Rs 


V=~"T plus (41°6 plus.0°00281)_n. 


Be ea/ Sunes 


Manning's formula has gained much popularity in the recent years 
nd many engineers advocate the use of: 


because of its simplicity a 
it. Forchannels of small or ordinary Saat Manning S formula 


is as good as Kutter’ s. 
For large rivers And streams with flat slopes, Kutter’ s formula 


is superior to that of Manning's. Kutter's formula has, therefore, ' 
been used in making all calculations for Jhelum river discharges. 


The Co-eficient of Rugosity 
In Kutter's formula the roughness co-efficient or N’ is of 


great importance. A small change in ‘N’ makes a considerable 
difference in the discharge of the channel. For instance, instead, 
of 0'025, if the value of ‘N’ is 0°03, the discharge of the stream 
obtained with the new value comes to be appreciably: low. For 
natural streams the value of ‘N’ is generally arbitrarily fixed and 
it may, in some cases, be certainly 15—20 per cent out. The discharge 
of the channel worked out with such values will be far from correct. 


Even in the case of calculations of the discharges in the Jhelum 
river where an accurate estimate of the discharge in the channel 
at various stages is of great importance, the value of ‘N’ assumed 
by different investigators for the same site and for similar river 
conditions was at considerable variance as shown below :— 

TABLE No. V 


Value of ‘N’ adopted Value of ‘N’ adopted 








by Purves by Zadoo 
Discharge Site |] : | | 
H.W.L, | H.M.R. N H.W.L. | H.M.R. | N 

t | 
Sangam 5229°9 21°7 "025 5229°38 20°0 * *030 
Avantipur 52164 | . 25°16 “023 5219°48 17°74 030 
Padshahibagh _— _ = 5210.03 19°88 “030 
26°47 *030 5206°65 15°51 027 


Munshibagh 5202'0 
= = 5194'97 12°71 “030 
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Due to the great importance of the co-efficient of roughness, 
‘the values for different conditions of the channels were determined 
experimentally by several hydraulicians. The most widely used 
values are those obtained by Horten. These values were based on 
his own data and those of his contemporaries after necessary modi- 
fications. He prepireda table giving the'value of “N” for canals 
and natural streams. The values given are for straight reaches, the 
-uniform cross-section and no weed growth. These values have to 
be modified for application to actual river conditions. Before 
choosing the values to be adopted, a thorough examination should 


be made of all the factors which influence the fow of water in 
open channel. 





Causes of Retardation of Flow in Open Channels 


There are a number of factors which influence the flow in a 
‘Stream, the more important of them are :— 


1. the material forming the bed and banks of the 
channel ; 

2. the obstructions in the channel such as vegetation and 
weed growth ; 

3. the irregularity of the wetted perimeter and the 
channel cross-section ; 

4. the bends in the channel; 

5. the stage of the stream; and 


6. the silting and scouring. 


_ While the first two factors have a marked effect, the remaining 
four have a small influence on the flow in a channel. Pickles has 


discussed each factor atlength. A brief discussoin of the factors 
is given below :— 


1. Material forming the Bed and Banks of the Channel 


_The nature of the material constituting the bed and banks of a 
channel has the greatest effect on flow inthe channel. In alluvial 
streams, where the bed and banks are in sand, clay or loam, the 
retarding effect is small and the river stage has also no effect. Ina 
gravel or boulder bed stream, the effect is’ very marked and the 
roughness co-efficient varies considerably with the stage. Since the 
large ‘boulders collect on the bed of the stream, the bed is made 
rougher than the banks and, during low stages, the wetted 
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perimeter as 
stages the co efficient of ae 
energy of the following streams is 


Vegetation and other Obstructions | 2 ; 

This factor has an important influence, .especially in ‘sma 
is ance, 

h ls. Growth of weeds and vegetation in the stream causes 

channels. 


i f“N’. 
obstruction to the flowing water and thus increases the value o 
s of ‘N’ forthe channels with clear bed and 


Zi 


The ratio of the value 2 
those with thick vegetation growth can be as great as 1°00 to 1 any 


3. Channel Irregularities | 
For irregular bed and banks, the roughness co-efficient will be 


higher than that for smooth channels in the same material. The 


actual wetted perimeter of a channel is always greater than tbat 


shown by a standard cross-section To allow for the irregularities, 


wetted perimeter is increased by 1 or 2 per cent. 


When a channel consists of alternating stretches of large and 
small sections instead of a uniform one, the co-efficient of rough- 
ness increases. The increase may be by 0'005 or more, 

4. Bends 

The curves and-bends in the channel retard the flow of water. 
Ordinarily the effect of a bend is small. Only in extreme cases it 
may increase the value of “N” by more than 0'002 or 0°003. 


5. Stage of the Stream 

“N” varies with the stage of the stream or the hydraulic radius. 
In general “N” decreases as radius increases but, under certain 
conditions the reverse may also be true. The greater value of 
“N” obtained at the low Stage of the stream is due to the fact that 
the whcle of the area at the low stage is not equally effective in 
Producing the discharge. 


The Bureau of Public Roads, U. S. A., has shown from their 
investigations that :-— 


(:) Where the bed and banks of a channel are equally 
smooth and regular and the bed slope uniform, the 
roughness co-efficient temains the same for all stages in 
the stream ; 


Loe eid 


ot. 
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(#) Generally roughness co-efficient decreases as the stage 
increases because of the fact that ordinarily the bottom 
of the channel is rougher than the sides and that. 
uniform bed slopes are difficult to obtain ; 


(vt) The roughness co-efficient increases as the stage decreases 
in those channels where the upper portion of the 
channel is in much better condition than the lower 
portion. 


6. Silting and Scouring 


The value of the roughness factor may change with changes in 
the regularity of the wetted perimeter and the bottom profile caused 
by scouring and silting. Ifthe velocities are high enough to cause 
scouring and material is such that it can be eroded readily, these 
factors must be considered in arriving at the value of “N”. Through 
silting, the irregular wetted perimeter may become regular, and 
through scouring, it may become irregular. 


In order to determine accurately the value of “N’ for different 
reaches of the Jhelum river, the characteristics of the river and 
local conditions of the stream were examined in detail during an 
inspection. A silt survey of the river was also made. Samples . 
from the bed and some distance below the bed were collected from 
different teaches of the main river and its important tributaries, 
In addition, samples were also taken from confluence points and 
important silt bars and shoals. The analysis was made at Malakpur - 
for the mean diameter, etc. The silt index of the river at different 
sites is given in Table No. IX, next chapter. 


Besides the silt grade, other hydraulic characteristics of the 
channel were studied.. Cross-sections of the river at every quarter - 
of a mile and long sections and plans were examined for water 
surface width, average depth, maximum depths, areas of cross- 
section, curvatures and bends. Long sections for the past 20 years 
were also examined to’ find out the river regime and 
silting and scouring. : 


Based on this study, the values of the roughness co-efficient 
“N” for different reaches were arrived at and are given in 
Table No. VI. 


Sees 
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TABLE No. VI : : 
jient ‘N’ adopted for Various Reaches of 


! f the Roughness Co-effic i 
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1, Khannabal- Approximately fair order of regime; Crores ins 
: Sangam, 0 to 12/1 | in “general become wider : No iene RTE By in : e 
mile cross-section ; No deep pools and skarp : ects 

Banks smooth: No serious irregularity of the bed ; 


No vegetation and weed growth. 


‘030 


Sangam- . In good order of regime ; Cross-sections sl'ghtly 
Avanripur, 12/1 | irregular increase and decrease alternatively; A few 
to 22/1 mile sharp bends and moderately deep pools; No vegeta- 

; : tion and weed g:owth; Bed regular; Banks fairly | -93) 


smooth. 


tw 


Fairly good order of regime; Areas of cto‘s- 





3. Avantipur- 
-Padshahibagh, 22/1 section increase and decrease alternatively ; Below 
to 44/3 miles mileage 35 the chinnel cross-section becomes narrow, 
a number of sharp bends and deep pools existing ; 031 
Bed banks smooth ; No vegeraticn and weed growth, 
4, Padshahibagh- Good order of regime: Banks pitched and 
Munshibagh, smooth ; Channel well-defined, No serious irregu- 
44/310 47/3 ~ ° | larity, vegetation and weed growth; The whole 
teach on the sharp bend of the largest loop of the "0295 
river. 
| 
t 
5. Munshibagh-. Good order of regime ; The cross-section similar; 
Gigarzoo, N» irregularities and protrudence in the channel 
47]3 to 54/1 section, slight bends here and there: No sharp; | 
- | bends but a few deep pools ; No vegecation or weed 0275 
growth. | 
t 


6. Gagarzoo- Good orler of regime ; Cross-section nearly 





Mujgund, similar and practical] i 
y straight; Bed and bank 
47/3 to 51/1 smpeun : one sharp bend existing; At places pes si 
| eae instead of one; No vegetation or weed | ‘09 
7. ued Good order of regime; Cross-section irregular | 
obra Pt Se deep pools and bends exist ; But for these two | 
nileag to bends the reach Practically straight ; Bed and banks s 
| sm oth ; No vegetation and weed growth, 0285 | 
tf 
8, pee Reach in good order of regime ; Cross-section of 
mileage oct 708 Facets oe ipredules : Bed and bank 
’ ae sharp bends and, dee 5: f' 
vegetation and weed growth, . Beh peols! "No ‘0285 ; rf 
¥ 


’ 
9. Asham- Reach in food order of regime = 
: Cross section 
Banyari irregular in this upper Portion of the reach only 








| 
mileage, 702 to 314) Two bends and dzep pool 
| 2 s;B BES 

No weed and jeeeetonienne ng Brok cmgoth | 028 
































TABLE VII 


Discharges in the Jhelum River During 1950 Floods 














Maxi Maxim : Distance Water Area of : eet J ’ . c 
SI. Station Dated Time Gaiam Water Corsespond nes Ce: between Surtace V/s acess i Wiehceds Hedeeulic /R Dreier ss VJ/R.S. Cc Ce es Discharge Remarks 
5 H Reading Leve tation the Station ope ection etime A 2 b 
ne OEE eae) (R.L.) Reading Level inifect Radius (N) 
Discharges have 
1. Khannabal 19-9-50 12 Noon 35'0 52503 Sangam 28°80 5228'42 61,250 0001961 ‘01400 70¢C8 353 19°85 = 4°455 036 0624 77°1911 4°8167 33700 been calculates 
from 1949 X- 
: Section. 
2. Sangam 20-9-50 5 A.M. 30°05 522967 Avantipura 13°10 521818 50,000 0002298 + =°01516 (a)11054 481 22 98 4°79 031 ‘0726 83°2679 60452 66824 | 
(b) 329 91 3°62 1°90 034 "0288 54°5496 15710 sil f 67300 
3. Avantipura—A, 20-9-£0 7AM. 19°50 5219°38 § Padshahibagh 20°10 5205°94 1,12,500 “0001195 = -01093 324 245 1°32 115 034 “0126 40°4662 0°5099 165) 98100 Through 
; the Valley (out- 


| 
i side and inside 
4. Avantipura—B. -do- -do- -do- -do- -do- -do- -do- -do~ -do- -do- 12303 649 18°96 4°35 031 *0475 84°3956 4'0088 49320 the cheney) the 
| total discharge 
| at Avantipura 


5. Geel) -do- -do- -do- -do- -do- -do- -do- -do- -do- -do- €6387 8913 7°45 2°73 "1€0 "0298 24°F 859 0°7327 48642 comes to 98100. 
6. Padshahibagh 21-9-50 1AM, 26°40 5212°24 Munshibagh 25°50 5209°70 15,000 “000169 = 01300 +=: 9350 440 21°25 4°61 “0295 "0599 87°1650 5°2212 48800 
dis Munshibagh 21-9-50 2A.M. 25:59 5209°70 Padshahibagh 26°33 5212719 15,000 000163. = °01277' |: 10431 499 21°29 4°61 0275 “0589 92°3182 5°4375 56700 
8. Gagarzoo 21-9-50 2A.M, 20°00 5200°30 Mujgund 15°20 5196°00 23,750 000181 01345 = (a) 1895 424 4°47 2114 *030 0284 64°8920 1:8429 3492 } 
; (b) 11311 697 16°23 4 029 029 *0542 84°7491 45934 51956 55400 
9.  Mujgund 209-50 8A.M. 1600 5196'80 — Shadipura 13°70 5190°50 27,500 000229 -01513 (9152 597 15.33 3:92 "0295 0593 = 820280 «4'8643. «44500 
10, Shadipura 21-9450 12 Noon 15°00 5190'80 Asham 13°30 5187°50 31,250 000106 = =©*01030 10248 831 12°33 3°52 *0285 "0262 84°7846 3°0692 31500 
11, Asham 21-950 6A. M. 1410 2188°10 Banyari 11°25 5179'38 52,500 000166 =6-01288 ~=10129 725 13°97 3°74 “0285 “0482 84°4358 4°0698 41200 
2; Seer 23-9250 12 Noon 16°20 5179°30 Baramuila 17°30 5175'30 46,0C0 ‘000087 00933 7817 491 15°92 3°99 “030 0372 86°3225 3°2112 25100 
13, Baramulla ; 28-9.50 12 Noon 17°30 5173°30 Seer 16°20 5179°30 46,C00 ‘000087 °00933 7134 . 436 16°36 404 "030 0377 86°7060 3°2688 23300 


See ee a ee ee ene ene ee ee ee eee 
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1950 Flood Discharge 
The discharge in the channel has been calculated with Kutter’s 
formula according to the usual method, care being taken to 
calculate the discharge separately where the section is not of 
approximately uniform depth, covers a channel of great depth or 
a large length of shallow channel. In this case, if the entire cross~ 
section is taken as one and not divided in different parts 2s should 
be done, it makes a big difference in the value of discharge. 


At Avantipur, where the valley is the narrowest, whcle of the 
discharge, which flows in the river or in the valley above this point, 
flows through the valley at this point. The water surface width is 
12,607 feet and the whole of the width is under water during the 
floods. The river carries a discharge of 49,000 cusecs. The flow 
outside the river at this point does not take place normal to the 
cross-section. The flow is oblique and has been considered approxi- 
mately to be taking place acan angle of 43> to the corss-section, 
There would be thus large area which would come under the back 
water flow. This reduces the effective area from 93,900 to 66,387 
square feet, i.e., the effective area is only *7 of the actual area. 
The slope outside the channel taken for calculation of discharge is 
the same asin the river. Since there would be great obstruccion 
to flow on account of crops and other growth, the value of “N” has 
been taken to be 0.1. For calculating discharges through the flood- 
ways,-similar values have been used by others in case of similar 
obsttuctions due to vegetation growth and crops. The discharge 
through the valley at Avantipur comes to about 29,100 cusecs, 
making the total discharge passing through the valley near about 
1,00;000 cusecs. The discharges calculated for the 1950 flood at 
different stations on the Jhelum river and the outfall channel are 
given in Table Nos. VII and VIII. An examination of these tables 
brings to light a few interesting points. 


1. At and below Sangam the river Jhelum overflows its bunds 
throughout except at some local points. At Sangam the depth of 
flow over the bund may be two to three feet. The depth of over- 
flow increases lowet'down and may be as large as 3 to 4 feet. 
Harris} stated that from Sangam to Avantipur the spill was small; 
from Sangam to a short distance upstream of Avantipur, the flow 
was mainly contained between the banks. It only commenced to 
overflow the banks near Avantipur. This is incorrect.in the light 


‘of the present observations. From Sangam downward at no point is 
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the whole of the discharge contained between the banks or even 
‘bunds. It spills all along. 


2, The combined discharge brought by the Vishau and the 
Rambiara, when their flood peaks synchronise, was greater than 
that of the Jhelum at Khannabal during 1950 floods. The highest 
discharge in the Jhelum (next to Sangam) is at Munshibagh. At 
Padshahibagh the discharge is much smaller than that at Munshi- 
bagh even though the flood-spill channel takes off from the river 
above Munshibagh. This is on account of the spill water collected 
in the valley, discharging back into the river between Padshahibagh 
and the offtake of the flood-spill channel. 


3. The discharge at Gagarzoo is practically the same as at 
Munshibagh. Very little spill on the lefc side in this reach takes 
place, as obszrved by Raina. Below Gagarzoo, there is a back-flow 
from the river at Parampura into the Batmalu nambal through 
the outfall channel, and this and other breaches downstream of 
Gagarzoo account for less discharge at Mujgund. ; 


4. While the Jhelum river, during the flood, was bringing a 
large discharge into the Wular, the outfall channel, taking off 
from the lake at low level was flowing with a discharge of 25,000 
cusecs only, as recorded at Seer. 


5, Below Mujgund, the river levels during the flood were 
lower than those observed during 1948; while above Mujgund 


they were higher than those in 1948. This is on account of low 


lake level. The gauge at Munshibagh at the time of the peak in 
1950 flood was three feet high2r than that obtained in 1948, while: 
the Sangam gauge was only 0°63 feet less in 1950 than that in 1948, 


CHAPTER FIVE 


SEDIMENT CHARACTERISTICS OF 
THE JHELUM RIVER AND 
ITS TRIBUTARIES 


Paucity of Data 
No information whatsoever is available regarding the nature o 


the bed material, either of the main river or its tributaries. Similarly 
there is no information about the bed material of the outfall channel 
or its various tributaries excepting some information given in the 
blue book regarding the bed at Khadanyar. No knowledge of the 
silt charge of the river or its tributaries exists, Also, there is no 
information as to when the river becomes alive. 


Importance of Silt Factor ; 

All the present day formule for the calculation of discharges 

of streams and river channels, regard the information about the 

sediment grade very essential. Kennedy Lindley, Lacey and Bose, 

all have based their flow equations on silt factor, A knowledge 

of the mean diameter of the bed material is all the more essential 

when devising any measures for flood control. Many of the large 

flood control projects have been dealt with from the point of view 

of sediment control. The flood control measures for Yellow river 

as proposed by Lane are based solely on the control of sediment 

in the river, The capacity of any stream to transport sediment 

depends upon the hydraulic characteristics of the stream and the 

grade of the material to be transported. The velocities in the Jhelum 
river are usually low except during high flood stages, Sediment 
chess ga tr dr 
and deep pools have formed aie : ana ee aoe Ee 
of the river having lost its capaci ee ieee peste 

Pacity to carry its sediment load, 


Sediment Survey 


To improve the transporting Capacity of the channel, it is 
necessary to find out the nature of the material constituting the 
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bed and the banks of the river. For this purpose a detailed sediment 
survey of the river and its tributaries was carried out. Similarly, 
the outfall channel and its various tributaries, the Ningle, the 
Pohru, the Vijh and the torrents below Baramulla were surveyed 
for the sediment grade. A large number of samples was taken 


from the river bed in different reaches. Sampling was done parti- . 
cularly at the confluence points, shoals and cross bars. 


Analysis of Bed Samples 


In all about 65 samples were taken and analysed for the mean 
diameter at the Hydraulic Research Station, Malakpur. Samples 
were also collected from the valley where the river deposited its 
load after having breached its bund. Some of the places at which 
the samples were taken are: Khadarmuh and Kandizal breaches 
and that below Masyari. Sampling of the river bed was also done 
in the city above Chhattabal weir. Other sites from which samples 
were taken are Avantipur Canal and Zaingir Canal, R.D. 300— 400, 
Lalkuhl, Sind river at the headworks of Sind Canal and at Gander- 
bal. An index giving the mean diameter of the samples obtained 
from important sites and reaches of the river is attached (Table IX). 
Size distribution curves of bed silt samples from the following 
important sites are given in Figs. 20—A-E; (1) The Jhelum river at 
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Fig. 20-A—Size distribution curve of bed silt sample of Veshau } mile 
above junction with Rambiara. 
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TABLE IX 


Silt Index of the Thelum River 
the Wular Lake 


Site 
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The Jhelum river at Sangam 


Shoal Samples near Sangam 


The Vishau halfa mile above junction with 


the Rambiara 


The Rambiara half a mile above junction 
with the Vishau 


Below junction of the Rambiara and the 


Vishau at Naiyun 

Avantipur gauge site 
The Avantipur Canal R.D. 300—409 , 
The Romshi Nallah mouth 

The Romehi Nallah half a mile above junction 
The Romshi Nallah shoal at Manvij 
Near Khada ats Breach at 10’ depth 
The Jhelum river at Pampore 
The Jhelum river at Padshahibagh 
The flood spill channel 

Chhattabal Weir 

Kandizal 

Zamipur Karewa 


Sukhnag Nallah bed (for silt Extractor on 
Sumbal Canal) 
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0°4485 
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Fig. 20 B—Size distribution curve of bed silt sample of Rambiara 4 mile 
above junction with the Veshau. 
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Fig. 20 C—Size distribution curve of bed sample from the 
Jhelum River at Sangam. 
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Sangam; (2) The Jhelum river near Sangam gauge site; (3) The 
Rambiara river } mile above its junction with tke Veshau river: 
(4) The Veshau river four miles above its junction with the 
Rambiara river; (5) The Romshi nallah mouth ; and 6) Head of 
the Flood-spill channel. 
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Fig. 20-E—Size distribution curve of bed silt sample of Romshi nallah mouth. 


A survey of the Jhelum river during low winter stage was also 
taken to locate large shoals and deep pools) This is given 
in Fig, 2. 


Samples were also taken from the river banks to determine 
their coastitution. 


A perusal of Figures 21 and 22 will show that a large shoal 
forms on the convex side of all bends; the deep pcols are formed on 
the concave side. The height of shoals at some places is six to seven 
feet. A view of the river in the reach near Sangam telegraph 
office is illustrated in Fig. 22. It will be seen that shoals are exten- 
sive and offer setious obstruction to boat traffic during winter. 


Grade of the River Bed in Different Reaches 


The Jhelum river bed from Sangam downward is composed of 
coarse sand. The grade of the material generally decreases 
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Fig. 22—The Jhelum River with its deep pools and large shoals. 
(A view near Pompore) 


gradually but progressively from Sangam to Banyari except where 
the tributaries join the river. At Sangam the bed material is very 
coarse, of the order of 10 mm. diameter ; while that of the shoal on 
the right side, a short distance downstream of the gauge, probably 
formed during the falling flood, is ‘45 mm. in diameter. The bed of 
the Jhelum river is coarser than the bed of the Veshau nallah which 
has an average diameter of 0°34 mm: The Romshi nallah bed is 
composed of material 03237 mm. diameter—slightly finer than the 
main river bed. But the material at Naiyun, at the junction of the 
Veshau and the Rambiara, is coarser than at the end of the 
Veshau., probably due to sediment brought by the Rambiara river. 
The sediment deposited by the spill into the valley is very fine. 
The mean diameter of the samples taken at the Kandizal breach is 
0093 mm. This confirms the view that the spill into the valley 
carries only fine silt. The river bed within the city at Chhattabal 
constitutes silt of 1954 mm. diameter. : 
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CHAPTER VI 


THE WULAR LAKE 


Extent | 
The Wular is the biggest lake in the valley and receives whole 


of tke drainage of the country above it. 


The dimensions of the lake are different at. ditferent periods 
Owing to the low shores to the south being liable to inundation. 
In normal years the length of the lake may be reckcred at about 
twelve miles and its width at six miles, with an area of about 78 
to 80 square miles. In years of floods, the lake extends to about 13 
miles in-length and eight miles in width. Its depth isnowhere 
more than about 15 feet and is continuously lessening in these 
Parts where the streams debouch into it. Notwithstanding this 
slight depth, navigation in the lake becomes dangerous, when 
violent winds sweep over it from the mountains in the north, 


Tributaries 


Besides the Jhelum river, several other Streams drain into the 
Wular lake, The biggest of these affluents is Bandipore Nallah 
which drains the range between mount Haramukh and the Tragbal 
Pass and forms a small delta of its own to the north of the lake, 


Function of the Lake 


The main function of the lake is to ab: Y 
: . absorb the floods, Th 
discharge in the outfall channel, when the Jhelum bee! Soe 


is falling, more water is leaving it than entering, 
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Fig. 23—A distant view of the Wular Lake (looking north-east from 
Ningle), 
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During flood as much as 60,000 cusecs may Es nee cae 
lake while only 30,C00 to 35,0¢0 cusecs may be leaving it. y 
encroachment on the area occupied by the lake by construction 
of bunds around it for reclamation, affects adversely the capacity 
of the lake as a moderator of flood in the outfall channel. 


Behaviour of the Wular Lake During Floods 

A knowledge of the behaviour of the lake during floods is very 
helpful in proper understanding of the flood problem of the 
Kashmir valley. The behaviour of the lake for the last 20 years 
has been studied. The water levels of the Wular lake as indicated 
by the Sopore gauge before, after and during floods for important 
flood years since 1902 are given in Fig. 26. 


Relative Rise and Fall of Levels at Sangam and Sopore 


Figs, 25. A, B show the relative rise and fall of water levels 
during flood for years 1931, '41 to 44, °47 to ‘49 and 1951 at Sangam 
and Sopore.. These also illustrate the role of the Wular lake and 
other depressions in the valley above in moderating the floods in 

’ the outfall channel, Gauges at Sopore are shown 48 hours after 
the actual time, to allow for the period of transmission of flcod, 
While the rise in flood to its peak at Sangam is as sudden as its 
fall, the rise at Sopore is gradual. The fall inthe flood at Sopore 
is still more gradual and of prolonged duration. Table X gives the 
relative rise and fall in water levels in the Jhelum river at Sangam 
and Sopore. 


Time Lag 


The time lag between the maximum flood levels at Sangam 
and Sopore varies between two days to more than two weeks, 
depending upon the levels in the lake and conditions of the nambals 
that take up the spill from the river and Pass it on to the Wular 
lake after they are full. Table XI gives the time lag for the 
highest flood levels at Sangim and Sopore for different years. 
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Fig 25A.—Relative rise and fall of water levels during floods at Sangam 
and Sopore for different years. 
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Fig, 25B.—Rise and fall of water levels at Sangam and Sopore during 1951 


2 


WULAR LAKE 


HE 


T 





‘spooy sujinp pue 


raiye ‘axogaq ‘az9do§ 





ye aye ren AA f° ST 





Aazy 1038 M\—9% ‘BIA 


7 FLOOD CONTROL IN KASHMIR VALLEY 
TABLE X 


Relative Rise and Fall in Water Levels in 
Jhelum River at Sangam and Sopore 


ee a ee 
Rise of water levels 


over flood of 

















Date of | Water level Water level Difference May 1945 
Major at Sangam at Sopore 
Floods | R,L. 51y9°62 R.L, 5163°87 aT a) as = 
Sangam Sopore 
1931 29°02 77 07 51°95 12°10 0°60 
July 
1941 26°42 76°17 50°25 9°50 0°30 
Sept. 
1942 25°02 77°27 47°75 8°10 0°80 
ell as { 
July 
1943 24°92 80.92 44°00 8:00 —4'45 
May 
1944 20°12 76°87 43°25 3°20 0°40 
May : 
1945 5216°92 5176°47 40°45 — — 
May 
1947 23°12 72°37 0975) 6°20 4°10 
August 
1943 19°12 77:12 42°00 2°20 0°65 
March 
oes 24°42 79°37 45°05 7°50 2°99 
June 
1948 29°02 79°57 49°45 12°10 3°10 
July ; 
"3 
1948 23°32 82°77 40°55 6°40 6°30 
August 
1949 20°12 79°27 40°85 3°20 2°80 
April 


1950 29°37 73°45 55°92 12°45 —3°02 
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TABLE XI 





Time Lag between the highest flood level at Sangam and the 
highest level recorded at Sopore for different Years 


1 
’ 





i : Difference in Ti 
Vienne H. F. L. at Sangam | H. F. L. at Sopore | H. F.L. Sangam ime 























Oat R.L. 5199°62 O=R. L. 5163°87 and H. F. L. ape 
Sopore eS) 
1931 5229 02 517707 51°95 VE 
194] 522642 51°76°17 50°25 6 
2942 25 02 77°27 47°75 10 
1943 24°92 80°92 440 17 
1944 20°12 76°87 43°25 3 
1945 1692 76°47 40°45 4 
; 1947 23°12 72°37 50°75 é 
=| 
1948 19°12 7712 420 16 
Marcb 
1948 24°42 79°37 45°05 eet! 
June 
1948 5229°02 79°57 40°45 i 
July 
1948 23°32 82°77 40°55 2 
ie August 
| 2949 20°12 79°27 40°85 Left out 
"April 
1950 29°37 73°45 : 55°92 ” 
Sept. 
{ 
i 
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TABLE XII 


. Levels of approximately the same Gauge at Sangam and 
Corresponding level at Sopore 





Years Level at Sangam Level at Sopore Difference 


—————————— 





! Major Flood 


1931 ¢ RL. 52294 R.L. 517707 } 
1948 { Relay dos RL. 517957 | — 25 fect 
Eow. Flood 
1941 ( RL. 5226°42 R.L.  5176°17 7 
4 s — 25 feet 
1942 L R.L. 5225:02 R.L.  5177:27 J 


1944 fF RL. 522012 RL, 5176-87 
1949 lereReutes -do- R.L.  5179:27 J — 2°10 feet 


1947 f RL, 529319 R.L. 517237) 


iS 1—10°40 feet 
1248 (SR Ies 23°12 RL 5182°77 J 


For the same Sauges at Sangam, the Sopore gauge has been 
recording a rise of 2°5’ during one major and other low floods during 
the years between 1931 and 1948, In the flood of August 1947, 
however, the Sauge at Sopore showed an unusually low level in the 
Wular lake before the Jhelum river at Sangam was in flood. 


ion between the water level in the Wular lake 
alley above Srinagar. Even with the lake 








CHAPTER SEVEN 





THE FLOODS IN THE VALLEY 


History of Floods in the Past 


History of Kashmir is full of the tragic accounts of floods that 
overtopped the banks of the Jhelum river, swept over the cultivat- 


ed lands and villages bringing famine in theic wake. Under Kings 


Lalitaditya and Avantiverman and other rulers of the land, 


mighty schemes of flood control, land reclamation and river regu- 
lation and drainage were conceived and undertaken. But even at 
present, the problem of-flood control remains unsolved and chal. 
lenging to the engineering skill of man. 


In the history of Kashmir extending over two millinea before 


Christian era, many floods have been mentioned together with the 


damage caused by them. A list of great floods as prepared by 
Anand Koul! is given below :— 
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Year of occurrence In whose time Extent of damage caused 
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2082.2041 B.C. Sunder Sena 





——$—<——————— 
A destructive earthquake occurred 
by which the earth in the middle 
cf the city of Samdimetnagar was 
rift apart and water gushed out in 
a flood and soon submerged the 
whole city. By the same ea rthquake 
a knoll of the hill at Baramulla 
near Khadanyaz tumbled down 
which choked the outlet of the 
Jhelum river and consequently the 
water rcse high at once and drowned 
the whole city, together with its 
King and inhabitants. This sub- 
merged city is now the site occupied 
by the Wular lake. 
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a 
Extent of damage caused 


Year of occurrence | In whose time 
Famine was caused by floods and- 


Sng Baehs ie ees then steps were taken to deepen the 
Jhelum river near Khadanyar in order 
to accelerate the flow of the river. 
This measure had the effect of 
minimising the chances of flood in 
the lower part of the valley. 

Rice crop was destroyed by flood, 





- 917-908 A. D. Partha 
the result being a great famine. 
1379 A. D. Sultan Shahab-ud-Din 10,000 houses and crops vere 
destroyed. : 
1573 A. D, Alikhan Chak Miny houses and crops were swept 
away, 
1662.A, D, Ibrahim Khin Meny houses and crops were 
destroyed, 
1730 A. D, Nawazish Khan Many houses and crops were 
destroyed. 
1735 A. D. Afsiab Khan 10,000 houses, all the bridges, and 
the crops were destroyed. 
1770 A.D. Amirkhan Jawan Sher All the bridges and many houses 
were destroyed, 
1787 A. D. Abdullah Khan Crops were destroyed. 
1836 A. D. Col. Mian Singh The bridges at Khadnabal, Bijbihara, 
Pampore and Amira Kadal were 
Swept away, 
1841 A. D, Sheikh Ghulam Rain fell for seven days continually 
Mohiuddin and as a consequence the Jhelum 


overflowed the Dal bunds and 
submerged the whole of Rainawari. 
Six bridges from Fateh Kadal to 
Sumbal were Swept away. 


the full flood was 61,800 cusecs and the quantity that passed 
through Stinagar was estimated at 37,500 cusecs, All the bridges 
except Amira Kadal, and many houses were destroyed, Loss of 
life and Property was immense, eats Pay 
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Floods of 1900, 1902, 1903, 1905 and 1912 ~ ihe 

The flood of 1900 was nine feet lower at Munshibagh than its , 
predecessor. It is chiefly remembered for the breaches in’ 
the right bank above’ Shergathi. Theflood of 1902 was lower 
-than the previous one by 22 feet. The flood of 1903 is considered , - 
to be the maximum flood recorded so far. A good deal of damage 
was done. The water passed down the valley for its full width 
from the hills on the right to the hills on the left of the valley. 
Flood of 1905 

Occurring on September J2th this flood was lower at Munshi- 
bagh by 2'5 feet than that of 1903. The raiufall at Anantnag, for 
a couple of days before the flood, totalled 3°32 inches against 73 
inches in 1903. The flood passed down the whole width of the 
valley again. The Wular lake was low (R. L. 51670) at the time, but 
the effect of the draw did not go beyond above Shergarhi. 


Flood of 1912 

It was a low flood and occurred on May 18. The rainfall was 
only 0°33 inches a day or two prior to the rise at Munshibagh. It 
is probable that the affluents above Srinagar did not add much to 
the Jhelum river. 


Floods of 1928—1929 

During these floods the gauge at Sangam rose to the higkest 
value so far recorded. The embankment near Avantipur was over- - 
topped and breached at several places. The water overflowed 
through the depression bztween the left embankment and the hill 
on the left. 


The gauge at Sangam rose regularly to a maximum and fell 
regularly; but more slowly than it had risen. The gauge at Munshi- 
bagh (Fig. 27) rose regularly at first, became nearly steady for more 
than 24 hours, than it rose rapidly to its maximum where it stayed 
for about twelve hours before it began to fall comparatively slowly. 
The crest and flat portion in the curve during rising flood indicate 
the breaches in the bund above, which temporarily reduced the 
water level. The peak of the flood at Sangam passed Srinagar 
twenty-four hours before the gauge at Munshibagh reached its 
maximum. The water that spilled over the banks or breached 
through embankments above or below Avantipur collected and 
flowed through the nambals above Srinagar and back again into the 
river through breaches in the bund at Padshahibagh. This causes 
the gauge at Munshibagh to fall slowly. 
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Fig. 27—Munshibagh gauge Site. 


Flood of July 1948 

The flood of July 1948 was nearly of the same magnitude as 
‘that of 1929, At Sangam and Munshibagh the maximum gauges 
rose to 5229°4 and £222°70 from the summer normals of 5211'0’ and 
52100’ respectively. The conditions in the valley as the flood 
coursed down to the Wular lake may be briefly. indicated. 





Fig 28—A [re paired breach in the River Bund above Khad ‘ : 
1948 Floods (near Mulberry tree), ermuh during 
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Between Sangam and Padshahibagh, a large number of breaches 
occurred in the bunds, mostly on the left side of the river, 
causing heavy damage to crops and property Fig, 28. More than half of 
che discharge passing through the city was carried away by the flood 
spill channel. Near Shalteng, a wide breach occurred and about 
ten thousand cusecs of discharge passed into the valley, devastating 
valuable crops, a civi) aviation air strip and the whole region of 
Saniwara. On the left side of the river from Shalteng to Shadipur 
the bund was overtopped and the flood water went straight to the 
Wular lake. On the right side all the Anchar swamps became 
submerged. A list of breaches in the river bunds from Sangam to 


Banyari as given by Zadoo is reproduced in Table No. XI\I and, 
Fig. 36. 


Since the flood of this magnitude occurred after a lapse of time 


and the bunds were not in good condition, it caused heavy damages 
in the valley. 


Flood of 1950 


In 1950, during the month of September, heavy rainfall occurred 
in the whole of Northern India. In the valley of Kashmir a heavy 
cloud burst extending over a few days occurred during the first 
week of September. Again, after an interval of twelve days a still 
heavier rainfall occurred. Since the catchment area was saturated 
during the first storm, the run-off due to the second storm was very 
heavy and caused a very high flood in the valley. As the cloud 
burst was very extensive, the floods in the Veshau and the Rambiara 
synchronized with the flood in the Jhelum river. The Rambiara 
river, before its junction with the Veshau at Naiyun, breached its 
left bank and inundated the valley on left side of the river. All 
the nallahs, such as the Arapal and the Romshi, swelled up consider- 
ably. The bunds on both sides of the river, mostly on the left side, 
were over-topped and breached at a large number of places, inun- 
dating the valley and inflicting a heavy loss on crops, roads and 
buildings—Figs. 29 A and B.. Inall, rice-paddy worth 70 lakhs of 
rupees was destroyed by the floods. Figs. 30 A and B show the 
breach sites and flooding of Pampore town. 


River Gauges 

The hourly gauges recorded during the flood at important gauge’ 
sites are given in Fig. 31. The gauge at Munshibagh in Srinagar 
rose to the highest level, touched in 1928; while the gauge at Sangam 
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List of Breaches from Sangam to Banyari during the 
Flood of 1948 











| ; Reference 
te, Particulars and Names of Breaches Site Plan 
Work done 
1. Kewpora (Bund raised and widened) 1 
2. Restoration of breaches from Sangam to Lidar (Left Bank) 
in bits. 
3. Restoration of breaches from Sangam to Potel Bagh 
(Right Bank). is 

4. Dogripura (Bunds strengthened and raised) 4 

5. Rishipora -do- 5 

6. Kakapora Bund -do- 15 

7. Damhall Tulbren Nal’ah Bund -do- 17 

8. Restoration of breaches from Khadarmuh to Padshahibagh _ 

9. Zinipora Bund (Raising and strengthening bund) 22 
10. Shalina Bund -do- 23 
ll- Pantchukh Bund -do- 27 
12. Gandabal Bund -do- 29 
13. Kakarbagh Bund -do- 30 
14, Dudhganga Diversion (Raising bund and restoration of 

breaches) 2 & 33 
15. Head Flood Spill Channel (Restoration of breaches) 34 

16. S.M.HLS. Hospital retaining wa!l 35 
17. Sbahmohalla (Restoration of damages to bund) 36 
18. Wattal Kadal -do- 37 
19. P.C. Depot -do- 38 
20. Shalteng (Restoration of breaches and strengthening of bund) 40 
21. Kreshabal -do- 41 
22. Malora -do- 42 

23. Chak Mujgund -do- 43 
21. Mujgund -do- 44 


45 


25. Tangapora Bund (Strengthening bund) 





eee 


SLNo. 


eee 


‘26. 
27. 
23. 
29, 
30. 
31, 


9 


33. 
34, 
35. 


36. 
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TABLE XII I—contd. 
Particulars and Names of Breaches 


Tangapora Bund (Restoration of breaches) 


Dadribal -do 
Panjinora -do- 
Dangerpora, below (Bund constructed) 


Serai Dangerpora (Bund constructed) 


Rukh Shilwat edo 
Wangipora do 
Sumbal do 
Markundal -do- 
Amchikundal -do- 


Wasikhan to Zalpora (Restoration of breaches) 





Fig. 29 A—Srinagar-Sumbal Road under Water 
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Reference 
Sire Plan 
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47 
48 
49 
50) 
51 
52 
54 
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Fig. 30 A—Pampore Breach Site. 
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Fig. 30 B—Floodi £ i x i 
g. Hee ine erent Town (inthe background) during 


was five feet lower than the highest recorded in 1928. The 
Wular lake during the flood in the river was very low, but it had 
no effect in lowering the river levels in the valley at or above 
Srinagar. When the flood level in the city was at its peak, a breach 
in the right side of the river near Badamibagh occurred, flooding 
the whole cantonment area and causing a heavy loss of property 
and dislocation in the military camp. If the peak of the flood 
had continued a little longer, the city would have experienced an 
unprecedented disaster. This breach, however, saved the city as the 
flood-heights dropped. 


Some of the breaches in the river bunds, such as at Masyari, 
Kandizal and Dogripura (shown in Figs. 32,33 A and 33 B respec- 
tively), were very extensive. Through these breaches large quanti- 
ties of water escaped into the valley. Regular sand riffles, formed 
in the valley for large distances in the direction of flow, are 
shown in Figs. 34 A, Band C. All these indicated that the velocity 
of flow outside the river was very great. Most of these breaches 


‘were inspected by the author in October after the floods. 


Large area near Khadarmuh became submerged due to breaches 
in the left bund of the river at Kandizal.: The breaches at this site 
ranged between two to five chains. On Pampur-Shopian Road large 
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Fig. 31—Daily Gauges during the Flood for the year 1950. 


deposits of sand could be seen. The deposit of sand about 1,000 
feet in length and one to two feet in depth may be specially men- 
tioned. The depth of flow at this site was of the order of about 
six feet. z 


At Kakpur, a guide bank about 400 feet in length had been 
constructed in the past to protect this Portion of the left bank of 





ee. 


Fig. 32—The Masyari Breach. 


the river. This had given way. The wing-wall of the control 
gate at the outlet of the Damhall nallah had badly breached and 
the right wall had cracked. Fig. 35 shows the Damhall sluice under 
repair. The spill water from the breaches was flowing in the 
Kakpur Lilhar area at a depth of about six to seven feet. From 
the local inquiries it was gathered that a part of this flow went 
back into the river at Lilhar and a part into the Romshi zallah and 
still a part across the nallah downstream. It was also learnt from 
the local inquiry that at Kakpur the flood was lower by about a 
foot and a half than that of 1928 which was considered by the old 
men of the place to be the highest flood in living memory. 


From Shalteng to Mujgund, a number of breaches, 400 to 800 
feet in width, had occurred and flooded the land on the left side of 
the valley. The plan showing the breaches during the flood of 1950 
is given in Fig. 37. 


Comparing the position of breaches, during the floods of 1948 
and 1950 as given in Figs. 36 and 37, it can be inferred that their 
position was nearly the same in the two floods. The bunds at. 
these points are very vulnerable due to some inherent defect in 
their location and design. A list of the breaches in the river bunds 
from Sangam to Shadipur excluding the city .channels, during the 
high flood of the 1950, is given in Table No. XIV. 
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Fig. 33 A—The Kandizal Breach, 





Fig. 33 B—The Dogripura Breach. 
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Fig. 34 A—Regular Sand Riffles formed in the Valley asa Result of 
Breaches in the left River Bund. 





Fig. 34 B—Regular Sand Riffles formed in the Valley asa Kesult ot . 
3 "Breaches in the left River Bund, 
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Fig. 34 C—Regular Saund {Riffles formed in the Valley asa Result of 
Breaches in the left River Bund. 
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Fig. Bee ae Wing Wall of Damhall Sluice during Flood 
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: TABLE XIV 
List of Breaches in 1950 Floods from Sangam to Shadipur 
excluding the.City Channels 
S. No. Name of Place | Length 
1. Breach at Sangam 10’ long 
2. Breach below Sangam bridge (tight side) 1 chain 
3. Breach downstream of Telegraph office to Mirzapora (1) 50’ 
(3 Nos.) (2) IF 
(3) 100’ 
4. Breach at Padgampora village (bund washed off) 15 chains 
5. Breach at Kewpora (right bund) 2 chains 
14 feet deep 
6. Breach at Dogripura (right bank) 60’ long 
7. Breach below Dogripura (below left bund) 10’, 80’, 25’ 
B0Se15e 75% 
25’, 300’, 80’ 
8. Breach at Reshpora (left bund) 125’ long 
9. Breach at Charso (right bund) below Watal Ara (1) 50’ long 
(2) 75’ long 
10. Breaches at Charso (right bank) (1) 50’ long 
. (2) 75’ long 
k left bund (1) 50’ long 
jl. Breaches at Token (left bund) 300 lone 
(3) 400’ long 
L.B.) O ite Jao Brari GQ) 80’ long 
12. Breach at Barsoo ( ) Opposite Jao ® 10’lone 
13. Breach below Kakapora (left bund) 4 chains 
ight sid 5 chains 
14. Breaches near Damhall (right side) BEN VG ee 
2 No. 30’ ,, 
15. Breaches between Kandizal & Khadermoh (left side) 3 2 Sins 
(3) 50 chains 
16. Breach at Gailander (right side) 50’ wide 14’ 
deep 
17. Breach above Pampore bridge (left side) 2 seein 
wide 
2’ deep 
18. Breach at Pampore (left side) 50’ wide 
19. Breach at Pampore (left side) (1) 3chains 






(2) 14 chains 
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TABLE X1IV—conid, 


ee 3 < BLS - 
Length 





S. No Name af Place 
20. Breach at Shalynu (left side) 2 chains, 2’ deep 
21. Breach above Pantochok (right side) lchain, 3’ deep 
22, Breach at Shalynu (left side) 3 No. each 
13 chain long 
23. Breach at Pantochok (left side) 1 chain 
24. Breach at Athwajan (left side) 40° long, 24’ deep 
25, Breach at Athwajan (right side) One chain wide 
26. Breach at Kokerbagh (right side) 30’ (depth 24’) 
27. _ Breach at Kokerbagh (left side) 150’ 
23. Breach below Kokerbegh (left side) 50’ 
29. Breach above Forest Depot., Badamibagh (right bund) I chain 
30. ‘Brekeh above Batwara Custom Post, Badamibagh 
Cantt. (right bund), 4 chains 
31. Breach above head of the flood spill Channel (left bund) (1) 3 chains 
: (2) 2 chains 
32, Breach at Shalteng (above Cattle breeding Farm) 
(left side), 125’ long 
33. Breach at Malura (left bund) 7 chains 
34, Breach above Mujgund Gauge (right side) 4) wide and 8’ 
i deep 
35. Breach below Mujgund Gauge (right bund) 4 chains 


Se Cee 





-(fs: 





CHAPTER EIGHT 


THE DATA 


Collection of Data 


After the inspection of the valley in 1950 all the available 
hydraulic data bearing on the problem was collected. Certain very 
old records were also traced out. 


As the analysis of the data progressed and a scheme developed, 
a lot of further data was required which was collected during 1951 


and 1952. 


A large number of samples from important reaches of 


the river and its tributaries were also collected. The aerial survey 
of the Jhelum river, Wular lake and a part of the valley was also 
taken. The list of the data collected is given below :— 


I. Topographic 


ils 
2. 


10, 


G.T. Sheets of the valley. 


Contour survey plan of the valley on the left bank 
of river Jhelum from Dogripura to flood-spill 
channel 1930, 


Contour survey plan of Mira-Gund d hil, 1930. 


Contour survey plan of the valley on the left bank of 
river Jhelum from Shalteng to Sambal. 


Contour survey plan of Batmalu rambal. 


Contour survey plan of Wular lake and Barangora 


swamp for water storage scheme of Jhelum river. 


Contour survey plan of Anchar lake. 
Contour survey plan of Zaingir canal area. 
Contour survey plan of the Sindh valley. 


Aerial survey of the valley, 


tod 
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I, Hydrographic 


A. Cross-sections 


10, 


1, 


Cross-section of river Jhelum at every one quarter of 
a mile from mile 0 at Khannabal to Banyari mile 84 
for the years 1929—51. ( 
Cross-section of the outfall channel at every chain 
starting from chain 0 at Baramulla to chain 125 B.B.B. 
and 645 chain A.B.B. at Sopore for different years. 
Cross-sections of five hill torrents Kandar Nar, Grat 
Nar, Hajakal Nar, Naranthal Nar and Khadanyar Nar. 
Cross-section of the Vijh nallah. 

Cross-sections of proposed Shivpore and Pampore 
cut-offs. 

Contour survey plan of river Jhelum from Sopore to 
Khadanyar. 

Cross-section of the Jhelum river showing trial pits 
below Khanpore (chain 72,300 on long section of the 
Jhelum river), 

Cross-section of the Jhelum river from chain 421 to 
432 showing dredging. 

Cross-section of the Jhelum river from chain 2 to 8 
showing dredging. ; 

Cross-section of the outfall channel from chain 435 to 
445 showing dredging. 


B. Longitudinal Sections 


1, 


Long section of the river Jbelum from -Ktannabal 
(mile 0) to Banyari (mile 84) for the years 1929, °34, 
39 and 1949, 
Long section of the river Jhelum from Sopore to Khad- 
anyar for the years 1929 to 1937 through centre 
of the channel, 


Long section of Jhelum river below Baramulla showing 
portions dredged and those under dredging Operation, 
Long section of Jhelum river from Khadanyar to 
Baramulla. 

Long section of flood-spill channel bed from Padshahi- 
bagh to Nowgam nambal, 
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Long section of Jhelum river, chain 448 to 405 and 
235 to 252. 


Longitudinal section showing the position of the trial 
pits Nos. 1—17 between Khadanyar and P.W.D. Store. 


8. Long section of fhe: Jhelum river below Baramulla 
Bridge showing pesiticns dredged and those under 
-dredging operation. 


9. Long section of Romshi, three miles from junction. 


10. Long section for the Pohru from (Jhelum Junction) 
Doabagh to Kukubal .(Mawar Junction). 


11. Long section of Chhattabal weir. 


12. Long section of Jhelum river from Khadanyar to 
Baramulla. 


13. Long section of Vijh nallah. 

14. Long sections of five hill torrents Kandar Nar, Grat 
Nar, Naranthal Nar, Hajabal Narand Khadanyar Nar. 

15. Water surface slopes from Ningle nallah to Khadanyar. 


16. -Long section showing maximum and minimum water 
surface level from Sopore to Sheri for the years from 
August 1916 and July 1917. 


17. Long section of Banks of Pohru river from Suil 


to Yunus. 

18. Long section of proposed diversion of Ningle nallah to 
Haigam dhil.’ 

19. Long section of proposed Pohru diversion from Suil 
to Watlib. 


20. Long sections of proposed Shivpore and Pampore cut-off. 


C. Contour and Other Survey Plans 2 


J. Contour plan of Jhelum river from 440 to chain 
405 A.B.B. 


Ccntour survey plan of Pohru bar. 
Site plans of five hiJJ torrents below Baramulla bridge. 
Site plans of proposed Shivpore and Pamfore cut-cff. 


oO & ON 


Site plan showing Romshi mouth and Sombra spur 
over restricted width of river Jhelum. 
6. Site plans of a few river bends below Sangam, 
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‘II Floods and Discharges 


10. 


11. 


Daily gauge registers for permanent gauges for Khanna- 
bal, Sangam, Avantipur, Padshahibagh, Munshibagh 
Gagarzoo, Mujgund, Asham,; - Banyari, Sopore 
Seer and Baramulla. 

Daily gauge register for temporary gauges. 

Hourly gauge reading for 1950 for permanent 
discharge sites. : 

Hourly gauge reading for Munshibagh discharge site 
for the year 1931. / 


Daily gauge register for the years 2908, 1910, 1912, 1917 
and 1919 of Sopore gauge. 


' Water surface slopes in the outfall channel under 


different conditions of Pohru and Wular lake 
during 1947-48, 


Water surface’ slope, Sopore to Baramulla. : 


Graph showing water surface slope from Sopore 
to Sheri. 


Cross-sections of the Jhelum river at permanent 


discharge sites for the year 1950, 


Diagram showing rise and fall of water levels during. 
flood in 1931, *41—'44 and °47—’49 at Sangam 
and Sopore. 


Graph showing water levels of Wular lake at Sopore 
before, during and after floods, 


IV, Sediment Data 


1, 


Site plan of the Jhelum river from Sangam to Srinagar 
showing shoals. 


Cross-section of river Jhelum at shoal points from 


Sangam to ‘Srinagar. 


Silt samples collected from different Tiver reaches and 
from the various tributaries of Jhelum river and 
outfall channel, ; 





eee 


_ Nay 
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V. Technical Reports 


1 
2. 
3 
4 


Blue Book. 
Purves’ Report. 
Harris’ Report. 


Tulsi Dass’ Report. 


VI. ‘Miscellaneous 


1. 
2 


Schematic drawing showing position of Trial Pits. 


Borings from Syil to Watlab-Pohru Diversion. 


CHAPTER NINE 


STATEMENT OF PROBLEMS 


Flood Control and Drainage 


From its very birth asa result of drainage op-ration on a lake, 
the valley of Kashmir has been, as if by a relentless woe, beset with 
problems of flood contro] and drainage. While the land under 
cultivation is seriously exposed to the ravages ot the floods, a large 
area of the valley, covered by marshes, jhils and lakes, is perma- 
nently lost for cultivation. Under the present circumstances, with . 
the floods uncontrolled and the Jhelum river below the Wular 
Jake, the sole drainage channel of the valley, unable to drain off 
the water-logged area, the position regarding production of food- 
grain, security of life, property and public works in the valley, is far 
from satisfactory. Many a time in the history of the valley, efforts 
have been made to mitigate the havoc caused by floods and 
improve the drainage capacity of the outfall channel, These 
measures did improve to some extent the drainage conditions in 
the valley, but the improvement was only temporary and the 
conditions worsened again. 


Floods in the Valley 


After severe precipitation that Occuts usually in spring or late 
summer, a heavy flood, far greater than the capacity of the river, 
comes down the valley. The river bunds are breached or over- 
topped and the whole valley becomes a vast sheet of water. From 
the left bund of the river, the spill water fows to the depressions 
on the left of the valley forming channels on valuable land and 
burying crops many a foot deep under extensive deposits of sand. 
As a sequel to this large scale destruction of crops, famine stalks 

the valley. In the Past, wave after wave of flood-stricken people 
from the valley have migrated to India to save themselves from 


starvation and want, 
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Safety of the City of Srinagar 


Every major flood jeopardizes the safety of the great and 
ancient city of Srinagar with its magnificent buildings, houses 
sprawling on both sides of the Jhelum river and sheltering about 
six hundred thousand souls. The river in this reach is particularly 
narrow due to encroachment by the city. The ground level of the 
city is about 10 to 15 feet below the highest flood level in the river. 
A breach in the city bunds or their overtopping would mean total 
submergence of the city. Even today, asa major flood is passing 
the river within the city, the rising levels of the riverare watched | 
both by the highest officials and the commonest_citizen_with 
feelings of utter insecurity. 


Land Reclamation 


The Wular lake acts as the sole and ultimate reservoir of the 
‘entire drainage of the valley above it. In the south and south-east 
of the lake, from Ningle to Banyari, a chain of reclamation bunds 
protects the low-lying marsh-land which under reclamation scheme 
‘has been brought under cultivation. As the floods collect in the 
Wular lake and the water levelrises, these bunds are often over- 
topped or breached, inflicting a severe_setback to the reclamation 
work. Even if 50 per cent of the low-lying land comprising of the 
Barangoura swamps and the land from Hokarsar lake _to Miragund 
Jhil aud Sultanporich Rakh, etc., which cover about 50_square 
miles of area, were to be reclaimed permanently, Kashmir could 
grow from a deficit to a surplus area, regarding production of food- 
grains. In 1948, when the valley of Kashmir experienced a dis- 
astrous flood, rice worth one crore of rupees had to be imported to 
feed the population. How much insecurity, pain and distress could, 
be banished once for all if this money were utilised in adopting 
measures of flood control. Hence the necessity of land reclamation 
in the valley forms a major issue. No doubt, in the course of 
nature the general levels of these nambals and jhils is rising due 
to the deposition of silt brought by nallahs {from the neighbouring 
hills and spill from the Jhelum river. Hastening this process of silt 
deposition by a special technique, and raising the levels of this land 
so that it is reclaimed for cultivation earlier, isan important aspect 
of the whole problem. 


Improvement of the Outfall Channel 


The capacity of the Outfall Channel is comparatively very small 
as compared with the total runoff that it is required to drain off, 
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channel of the valley.. So the flood 


being the sole drainage i 
and the low depressions 1n 


water has to stand in the Wular lake 
the valley to await its gradual draining off by the river. The 


capacity of the Outfall Channel, already so small, is shrinking still 
further due to the continual deposition of silt, shingle and boulder 
brought: by its affluents. ‘Unless this inflow of detritus into the 
outfall chinnel is stopped, no measures calculated to improve the 
capacity of the channel can be of a lasting value. 


In brief, the problems of flood control and drainage in the 
valley of Kashmir are :— . 

1, The protection against devastation by floods of the rich 
cultivated land in the valley above and below Srinagar. 

2, The protection of the city of Srinagar and other 
inhabitations on or near the banks of the Jhelum river 

; against floods. . 

3, Proper drainage of the valley resulting in the reclama- 
tion of about 116 square miles of swampy areas, called 
nambals, for cultivation. 

4. Reclamation of very low depressions.in the valley, viz, 
jhils and deep marshes by a process of silting them up 
with the sediment carried by the Supplementary 
Channel. Kee 

5, Prevention of shoal formation in the Jhelum river 
and thus facilitating boat traffic during winter. 





CHAPTER TEN 
PROPOSALS MADE IN THE PAST 


References to the history of man’s battle with floods in the 
Kashmir Valley have been made in the foregoing chapters. It was, 
however, only sixty years back when the Public Works Depart- 
ment was initiated and organised on modern lines by the British 
Officers, that proposals to deal with the age-old problem of Kashmir 
Valley began to be based on the study of hydraulics of its streams 
and other hydrological and hydrographical features of the valley. 
The flood of 1893, the first recorded flood, turned the valley into a 
virtual lake and the very existence of the city of Srinagar was 
threatened. The consciousness of insecurity was deeply aroused 
and the Government earnestly set out to mitigate the evil, By 
1903 the present Hood-spill channel was completed and the Dudh- 
ganga river was diverted to the Batmallu nambal_to relieve the 
pressure on the city of Srinagar. The year 1907 saw the beginning 
of the d 


redging operations for the improvement of the outfall chan- 
nel which Continued for ten years fill 1915, In 1915, the State 
Government acquired the services of Mr. R.E. Purves for investi- 
gating the problem. ~ Mr. Purves Report on Hydraulic Problems of 
the Jhelum river is a valuable document and throws great “igh Tuable document and throws great light on 
the hydraulic problems of the valley. Mr Purves’ plans and re- 
commendations have been lost and are not traceable in the State 
records. Brief and perhaps incomplete outlines of his proposals as 
extracted from the « discussions of Tulsi Dass and Harris, published 









in their reports in 1928 and 1929, are given below 


1, Partial Diversion of the Jhelum river through Shadipur nallah 
and also enlarging the Flood-Spill Channel. A duplicate route for, 
flo was always desirable to relieve congestion in the_city. 


2 Diversion.of the Pohru river into the Wular lake for re- 
lieving the Jhelum river. of the heavy detritus load brought by the 
Pohru river, stopping the recurring expenditure on dredging and 
effecting quicker reclamation: round the Wular lake. ; 
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3. Setting back of the left bank from the mouth of the outfall 
of the flood-spill channel at Parampura down to Asham and omis- 
sion of the right bank from upstream of the mouth of the flood-spill 
channel to opposite Shadipur to let the flood water sweep over the 
valley on the right of the Jhelum river and thereby reclaim the 
Anchar lake and the Shalabug swamp. : 


4, Diversion of the Jhelum river from Asham-to-.Ningle. If 
retrogression due to this measure could go up the river from the 
lake to Srinagar, there would be corresponding increase in the dis- 
charging capacity of the channel or, in other words,” food levels 
would fall. - mer 55 

5. Gagarzoo Anchar Cut. A cut from the river: from near 
the village Gagarzoo to carry supply through the Anchar lake and 
tail it again into the Jhelum river opposite Shadipur after passing 
it through the Shalabug nambal. 


6. A continuous levee from Shalteng to. Shadipur and from a 
point between miles 4 and 5 on Srinagar Road to north of Batmallu 
nambal to separate Barangoura swamp, which receives the drainage 
from the Pirpanjal from the Jhelum floods. The Barangoura swamps 
are already discharging a fair share of flood and cannot afford any 
more discharge being passed that way without incurring heavy 
outlay in strengthening and raising the bunds, separating valuable 
land from the swamp. 3 


Between 1915 and 1928, it was a- period of lull only to be shaken 
by the flood of 1928, the biggest flood recorded so far. Mr. Tulsi 
Dass then developed a number of proposals which are dealt with in 
detail in his report on Flood Protection Works in Kashmir 
Province. i 


Tulsi Dass’ Proposals 


The recommendations of Lala Tulsi Dass along with approxi- 
mate cost of each scheme are briefly given below :— 


1. Providing openings in and remodelli i i 
Bunds from Khannabal to Padshahibagh ieaee 2 yates 
channel) at an approximate cost of Rs, 35,000. This mea * 
was designed to control the spill from the Jhelum river eae 
valley and for the protection of the city of Srinagar, by sendi : 
reduced discharge through the city river channels, and had fe 
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advantage of dispensing with the necessity of costly programme of 
enlarging the river or subsidiary channels. 


2. Increasing the discharging capacity of the existing Flood- 
Spill Channel at a cost of Rs. 35,000. 


3. City bunds, their extensive raising, improving the city 
channels, improving and renewing their locks at a cost of 


Rs. 4,05,000. 


4. Periodic dredging of the Fohru river and other bars below 
Sopore, for preventing deterioration in the efficiency of the outfall 
channel at a cost of (not known definitely), say Rs. 90,000 annually, 


5. Diverting the Pobru river (if investigations approved) from 
Doabagh to opposite Khojabagh into the Jhelum river, for-stopping 
the recurring expenditure on dredging and also for reducing 


the silt transporting power of the Pohru river by increasing its 
length—Cost Rs. 12,00,000. 


6.- A cut from Gagarzoo to.-Anchar-lake for relieving con- 
gestion of flood caused by outfall of the flood-spill channel and 
also reclamation of Anchar lake and Shalabug swamps (9000 acres) 
at a cost of Rs, 100,000. 


7. Subsidiary Flood-Spill Channel for ensuring the security of 
the city of Srinagar by reducing the flood height and discharge to 
be passed by the city river channel. Cost Rs. 3,30,000. 


8. River Diversion from Asham to Ningal (not estimated), 
say Rs, 300,000. 


His proposals were estimated to cost roughly a sum of Rs. 25 
lakhs, Before the above proposals made by Tulsi Dass were 
adopted, it was thought advisable by the Kashmir Government to 
obtain the services and expert advice of Mr. D. G. Harris, Consult- 
ing Engineer to Government of India, regarding these proposals. 
The proposals forwarded by Harris were mostly basedon those of 
Tulsi Dass. 


Harris’ Proposals 


Harris remained in Kashmir for about one year and studied 
different aspects of the flood problem in the valley. He also 
witnessed the heavy floods in the Jhelum in 1929. In 193) he made 
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certain proposals to the Government, His main proposals in brief 


were :— 
New Channels 
1. Acut capable of carrying.a discharge of 16,500 cusecs 
to be made through the Dudhganga ridge to connect 
the valley above Srinagar with Batmallu nambal. 


2 A new outfall channel capable of carrying 12:000 
cusecs to be made from the Batmallu nambal to the 


Jhelum river. 


3, A channel witha capacity of 20,000 cusecs to be made 
from Jhelum river at Gagarzco to Anchar Jake. The 
bunds round the lake to be raised, if necessary. 


Bunds 

4. The bunds on the bank of the Jhelum from Srinagar to 
Khannabal to be taken over by the Government and 
raised above the maximum flood level by three to four 
feet and provided with escapes at different places for 
discharging 44,000 cusecs into the valley, 


5. Two new embankments to be constructed on the south- 
west and west of the Batmallu nambal respectively 
and, an escape made in the latter embankment to dis- 
-charge 8,000 cusecs into the Hokarsar lake. 


The banks of the river through Srinagar to be strengthened and 
raised by two feet above the highest flood level of 1928. The right 
bank to be extended to Batwara and tied to the hill and the whole 
length from Amira Kadal to the hill to be lined with concrete. 
Similarly the banks of Sonti kuhl and Sunri buhl to be brought up 
to proper section. 


6. Sopore Bar not to be removed. The Pohru river not to 


be diverted and dredging in the outfall chatnel to be 
suspended. 


7. The five old bridges in the city of Srinagar to be 
replaced by new ones of the Safa Kadal type. 

8. The old channels from Shadipur and Asham to Ningal 
and Mujgund to Wular to be reopened and their 
discharging capacity to be improyed by widening and 
deepening. 





PROPOSALS MADE IN THE PAST lil 


The estimated cost of measures proposed to be executed 
immediately was about 18 lakhs of rupees. Harris’ report was 


discussed by several committees and approved by the Kashmir 


Government ; and certain proposals made by him were also sanc- 
‘tioned by the Government, but the main proposals made by him for 


the control of floods were never carried out. 


Harris proposed a new cut carrying 16,000 cusecs discharge to 
connect the valley above the Dudhganga- ridge with Batmallu 
nambal, and a new outfall channel from Batmallu nambal to the 


- Jhelum river capable of carrying 12,000 cusecs. About the new 


outfall channel, it might be mentioned that in course of time the 
chances of efficient working of this outfall channel are very little. 
Just as the old outfall channel ceased to work as an outlet channel, 


_this channel would also work as an inlet like the old channel. As 


the essence of the whole scheme depends upon the efficient 
working of the outfall back into the river, the drainage of the 
Batmallu nambal is most important, It isconsidered that the new 
outlet into the river suffers from the same defects as the old one, 


\ 


CHAPTER ELEVEN 


MEASURES ADOPTED IN THE 
PAST AND THEIR WORKING 


Throughout the history of the valley from its very birth from 
the lake of Sati Sarover, the problems of drainage and flood control 
bave engaged the attention of the engineers and the kings of 
Kashmir. Measures were adopted from time to time to improve 
the drainage and relieve the valley from the severity of floods and 
famines, But invariably they proved to be of temporary benefit 
and conditions deteriorated again. Most notable among the 
measures of flood control and drainage adopted in the past are those 
of Suyyas river regulation at the confluence of the Jhelum and Sind 
rivers and his excavation at Khadanyar carried out in ninth 
century of Christian era during king Awanti Verman’s reign. 
After that no serious effort seems to have been made to improve 
the situation, till the beginning of the twentieth century when 
certain large scale measures were adopted to deal with the flood 
problem by the Late Maharaja Pratap Singh. The measures that 
shall be discussed in this chapter are :— 


Bunds in the Jhelum river and its tributaries. 


Suyya’s river regulation. 
The flood spill-channel and cuts connecting nambals. 


Bw mp 


Dredging of the outfall channel. 
1. Bunds in the Jhelum River and its Tributaries 


Like many other rivers flowing through alluvial valley the 
Jhelum in Kashmir is confined between bunds or levees, Above 
Sangam the bunds are not regular or continuous. From Sangam 
to Banyari, the whole cf the river length of 72 miles has regular 
bunds on both sides excepting where the banks are high enough to 
hold the flood waters. Some of the tributaries of the Jhelum, in 


thejr lower reaches are also confined between bunds,- Since the 
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Government took them over in 1929, the bunds were raised, 
strengthened and extended. The width of the bunds at the top 
was increased to six feet and the side slopes were flattened to 
1°5: 10 on the land side and 2:1 or the river side. Even after 


considerable strengthening and raising, the bunds were deficient in 
height as well as in cross-section. The Principal cause of the 
failure of the bunds is their being overtopped due to insufficient 
height. In the recent American specifications for a dyke or a bund, 
the dimensions adopted are such that it carries a metalled road on 


the top permitting the circulation of lorries and cars. 


Inadequate Maintenance 


Careful maintenance is most important for the safety of the 
bunds, as the river bunds are called into operation Occasionally, 
when a high flood is experienced. Amongst animals, rats area 
great source of danger to the bunds. They make tunnels jn the 
bunds which start flowing as soon as water rises against them and 
ultimately cause the failure of the bunds. Proper compaction of 
the soil in the original construction and regular and careful super- 


‘vision and the maintenanc2 of traffic over the top of the bund 
minimise this danger. 


Faulty Location 


The location of the bunds on Jhelum and also on its tributaries 
is very faulty. They are constructed right on the river edge and 
are exposed to the direct hit of the current. No earthen bund can 
stand the direct attack of the river. A slight erosion of the bund 
especially that on the curves causes a breach, 


The first essential of the design of an earthen bund or an 
embankment is that it should be located away from the main river 
flow. The river bunds generally constructed are at a sufficient 
distance from the edge of the stream and extra waterway is 
provided between the bund and the river. 


‘Considering the conditions of the embankments of the Jhelum 
river, it is no wonder that they failed miserably in every high flood 
that was experienced in the river. 


2, Suyya’s River Regulation 


The present position ¢f the confluence of the Jhelum and the 
Sind rivers at Shadipur dates back to only a thousand years. It was 
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Suyya who changed the confluence from its old position and also 
changed the course of the combined waters of these two rivers 
‘from the confluence to the Wular lake. The old confluence lay 
about two miles to the south-east of the present junction and is 
marked by a temple ruin of Visnu Vainyaswamin, which is situated 
between the village of Trigam and Paraspore plateau—Fig. 38. The 
river embankment from the new confluence to Banyari was pitched 
for a length of seven Yojnas (cicular 42 miles) and the lake was 


‘ 


bunded up. 


Results of Suyya’s Regulation 


By shifting the confluence to its present position, the land 
between the Jhelum and the Sukhnag rivers was reclaimed. Also 
‘the whole of the tract of low land, south of the Wular lake, was 
very much relieved from spills from the old river and the Wular 
lake. By keeping the main river channel of the Jhelum river to the 
north, the river entered that part of the lake which had natural 
and well-defined boundaries. The flood water entering the lake by 
the shortest route from the south, as it did before Suyya’s regu- 
lation, invariably submerged the low-lyinz shores of the Wular Jake 
inthe south. With the change in the embochure of the river into 
the Wular lake to the north, the absorption capacity of the lake in 
the event of floods was utilised to the maximum extent. 


Suyya’s river regulation coupled with other steps that he 
undertook to improve the drainage of the valley added vastly to 
the cultivable landin the valley. As a result of these measures, 
the average price for one Kharwar (177 lbs.) of rice fell from 200 to 


36 dinnaras, 
3. The Flood-Spill Channel and Cuts Connecting the Nambals 


The flood-spill channel was constructed in 1904. It takes off 
from the river Jhelum above Srinagar city and relieves the pressure 
on the river channel within the city. The flood-spill channel was 
designed to carry a discharge of 17,500 cusecs into Batmallu 
nambal and after filling the nambal, to discharge the water back 
into the river through an outfall channel emerging at Parampura 
Fig. 38 A, B. The channel has been in operation since its comple- 
tion. Since the flood-spill channel has silted up at its mouth and 
als) at its exit into the Batmallu nambal, the discharging capacity 

‘of the caannel has bzzn reduced. The most important point 
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Fig. 38—Old confluence of the Jhelum and Sind River ancient and sites 
by M, A. Stein Ph. D. 


regarding the working of the channel is at its outlet into the river 
at Paranpura. As the flood rises the discharge from the Jhelum 
riveris drawn by the flood-spill channel and let into Batmallu 
nambal. In the Batmallu nambal it flows in two, directions, 
towards Hokarsar lake and towards Jhelum rivert hrough Param- 
pura outfall. The level in the Batmallu nambal rises quickly as 
the water entering the nambal is much more than the quantity of 
water which is drained out, 
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Before the flood in the river rises to its crest, igeposine 
Parampura starts bringing in water from the tiver bac ae a x 
Batmallu nambal, instead of draining the nambal into the river. 


Before the flood reaches its peak, the Batmallu nambal gets alge a 
both from the inlet as well as from the outlet. The reason of the 


back-flow from the outlet is that the river level at Parampura outfall 
is higher than the water level in the Batmallu nambal and therefore, 


back-flow starts taking place..The only flow from Batmallu nambal, 
under these conditions, is towards Hokarsar. At the time of the 


peak of the flood, when escapage into the Batmallu nambal from 
the Jhelum river is badly required, the nambal is already full. 
When the water in the Batmallu nambal reaches the highest level, 
the river starts falling as its peak passes off earlier than the highest 
water lavel is reached in the nambal. For a short time then, 
there is no flow from the Parampura outfall channel into the 
Batmallu nambal as the water levels are nearly the same. The 
conditions of back-flow from the Parampura outlet continue to 
occur fora day and a half to two days during the floods. When 
the water level in the river at Parampura outfall drops, the 
Batmallu nambal discharges the water into the river through the 
outfall channel. The scheme of absorption of floods through 
Batmallu nambal does not work satisfactorily to relieve the strain 
on the main river to the extent it was designed for. 


The conditions described above have been borne out by the re- 
cent observations mabe by Raina who was posted to supervise Bat- 
mallu nambal and Parampura-Khosipura bund in the 1950 floods. 
According to his observations, back-flow from the river through the 
Parampura outfall channel into the Batmallu nambal continued to 
take place for not less than two nights and one day, viz., from the 
time the flood was approaching its crest to some time after the 
peak passed off. The only flow observed during this period was 
from Batmallu nambal to Hokarsar lake. 


From calculations made for the discharge in the flood-spill 
channel during the 1950 flood, it was found that the maximum 
discharge drawn at any stage by the flood-spill channel was not 
more than 9,000 cusecs, and this may be much before the peak level 
in the river, During the highest flood discharge when the relief 
required, is most badly needed, the discharge in the flood-spill 
channel may be much less, . 











Fig. 39 A—The Outfall of the Flood-Spill Channel near Parampura Bridge near 
its Junction with the Jhelum River (Looking Upstream), 


Fig. 39 B—The Outfall of the 
Flood Spill Ghannel etc. 
(Looking Downstream). 





CHAPTER TWELVE 


PROPOSALS FOR CONTROL OF 
FLOODS IN THE VALLEY 


Conditions in the Valley During Flood 


Before the propcsals for controlling the floods in the valley are 
discussed, it is necessary to draw a rough picture of the conditions 
in the valley during the high floods in the river. When the floods 
in the Jhelum river and in the tributaries, suchas the Veshau and 
the Rambiara, synchronize, as it does happen ina large cloud burst, 
a very heavy flood may be experienced in the river. -This may be of 
the order of about 80,000 cusecs to 100,000 cusecs, The conditions 
of flow inthe river in a discharge of this magnitude have been 


examined carefully as these form the basis of any measure t) be 


proposed for the control of floods. 


Since the river channel is not capable of carrying the whole 
discharge, bunds have been constructed on both sides of the river 
to confine the whole of the flood water in the channel, But this 


has not served the purpose. 


Nowhere in the Jhelum river is the whole of the flood discharge 
contained between, the bunds on the. river channel, Even at Sangam 
it overflows its banks, the depth gf overflow into the valley being 
two to three feet lower dowh, the depth of spill water is much 
more. The discharge in the river channel and that spilling through 


the valley, bas2d on the latest observations, is given in the 


Table XV :— 
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TABLE XV 
a 

















z Site Flood Discharge’ pee Spill into 
wi Waris the valley 
1 Khannabal = = = 
2 Sangam | — — — 
3 Avantipur | =— 48,000 32,000 
4 | Padshahibagh — 35,000 17,000 
5 Munshibagh — 35,000 — 
6 Gagarzoo — 35,500 — 
it Mujgund = 22,000 12,500 





—_—_—_—_—_—_—_—————SSS OS 


The spill discharges carry comparatively clear water into the 
valley, leaving heavy sediment load in the river which cannot be 
wholiy transported by the reduced discharge. This results in the 


rise of the river bed. In low winter stages, the shoals so formed, 
hinder navigation. 


Possible Measures to deal with the Flood 


The most obvious way of dealing with the flooding of the 
valley, that suggests itself, is to increase the capacity of the river 


channel, so that the whole of the flood discharge is contained within © 


the channel. The capacity of the river channel can be increased in 


a number of ways, such as widening of the river bed and construc- . 
tion of embankments at a certain distance from the river and — 


providing waterway for the flood discharge. These two methods 
along with other usual methods of flood control may be described 
below in the context of the problem in the Kashmir Valley. 


1. Widening of the River Bed 


The width of the bed of the river varies toa great extent from 
700 feet below Sangam to 200 feet in the city. The average width 
of the bed is of the order of 550 feet. In order to accommodate the 
whole of the discharge between the banks during the high floods, 
the bed width requires to be increased by 500 feet at least. Since 
normally the whole width of the enlarged channel will not come 
into operation, the river would meander, forming heavy shoals and 
hats. Jungle growth and obstacles develop in the area which is 


= 
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During the high flocds, the 


not effective during normal stages. 
lowering in water level, therefore, is not very considerable if the 


width only is increased. Calculations made on lowering of flood 
water by widening the major bed elsewhere! have also shown the 


same effects. With the end-widening of the channel, the bed may 


have a tendency to rise. 


The widening of the channel involves heavy excavation and 
removal of the present system of embankments which are situated 
right on the edges of the river channel. Within the city of 
Srinagar, where contraction of the channel is maximum, the bunds 
consist of heavy stone masonry with buildings right on their top. 
Widening of the river in this reach is impracticable. Therefore, 
widening of the channel upstream of Srinagar would not afford 


any protection to the city. 


2. Constructing Embankment at a Certain Distance from the river 
and Providing Sufficient Waterway for the Flood Discharge. 


This scheme would take up a lot of valuable land all along the 
whole length of the river. The present bunds shall have to be 
removed and new ones shall have to be constructed at a distance. 
To remove the bunds farther away from the river, it becomes 
necessary to make them higher and, consequently, weaker. Within 
the city it will not be possible to undertake the measure for reasons 


mentioned above. Hence this measure also is not practicable, 


3. Overflow Weirs 


Another way of reducing the flood discharge in the main 
tiver is by diverting a part of the discharge during the maximum 
flood by means of overflow weirs. For relieving floods in the 
main river, Harris proposed construction of 12 spill weirs at 
suitable points, starting from Dogripura. This proposal, however, 
suffers from two defects. Firstly, the spill weirs draw the top 
water only leaving the sediment load in the river. This causes 
deterioration in the channel. Secondly, channels for conducting 
the spill water shall have tobe provided below each spill weir. 
A large number of these channels, fairly long, shall have to be 
provided to connect these weirs with! marshes or swamps. This 
would be very costly besides Occupying a large area of 


cultivableland.: 
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This method of flood control by the diversion of the flow during 
floods was adopted in France for the Loire after the great floods of 
1856 and 1866. The River Commission, appointed after the floods, 
recommended withdrawal of water into the Lower Wales by means 
of overflow weits. These overflow weirs were never methodically 
operated and were given up. This solution was also adopted for the 
Tonkinese delta in 1896 and about 18 weirs were built. During the 
high food of 1899, the overflow weirs were never put into operation 
by the natives. Their opinion regarding the efficiency of the weir 
for flood control was completely changed. A few weirs which were 
used, were washed away, delaying considerably the draining of the 
flooded area. During the floods of 1905, not a single weir was 
operated ; and in 1911, they were closed and the standard cross- 
section of the bund at the location of th2 weir was re-established. 
The experience with the overflow weirs inthe Yinh-Yen province 
was far from satisfactory. The overflow weirs had a serious 
drawbick and therefore, were given up. 


On account of the great drawbacks of this system and the heavy 
cost, the overflow weirs cannot be recommended especially after 
they have proved a failure elsewhere. Besides, this system will not 
provide any protection to the city of Srinagar as mentioned already. 


4, Flood Prevention by Reservoirs — 


The construction of reservoirs retards the flow of water, res- 
tricting the discharge to the amount which the channel can safely 
ccatry. Floods are thus prevented. The lakes and reservoirs store 
the flood water and discharge them gradually, thus equalising the 
flow in the outlet channel. Even whena reservoir is full at the 
beginning of the flood period, it still moderates the flow in the river 
below, since a large increase in the volume of water in the reservoir 
is necessary to cause even a small increase in the discharge below 


‘the dam. 


The effect of reservoirs in reducing the floods below diminishes 
rapidly with the distance. If the channel is long, the beneficial 
effect of reservoirs constructed -at the head-waters of a stream 
disappears before the land at the lower end of the stream is reached. 


> To be effective, the reservoirs should be comparatively near to the 


area which is to be protected by them. Also, the capacity of the 
reservoirs should be large enough to reduce the flood discharge at 
the point under consideration, at least by one-third 
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The prevention of floods by the reservoirs is applicable mainly 
to small watersheds. In the case of a large watershed, a number of 
reservoirs, rather than a single reservoir, will be needed. Since it is 
the middle and lower reaches of the stream which require flood 
protection, reservoirs should be constructed at the head-waters or 
in the case of large streams upon the tributaries which contribute 
to the peak of the flood in the main stream. It is upon the tribu- 
taries that the reservoir sites, which will meet the requirements of 
flood control, are most likely to be found. 


There are two types of reservoirs ; the storage and the detention 
reservoirs. A storage reservoir has manually operated gates in the 
base of the dam so that the flood water can be stored and released 
as desired. A detention reservoir or a retarding basin has openings 
in the base of the dam which are open at all times and, retains only 
the water in excess of that which the opening can discharge and 


the outlet streams can safely carry. 


The detention reservoirs, by reducing materially the maximum 
flow downstream in high floods, diminish considerably the flushing 
action of the flow on the river bed. The bed may rise materially. 
John S, Cotton’, while reporting on the development of the 
Yellow River Valley, observed as below :— 





“The effect and value of flushing action of flood peaks on 
channel maintenance jis enormous and is not ordinarily 
recognized. If the flood peaks are flattened and the same 
amount of silt is to be transported, the condition of river 
regime is entirely changed and an entirely new condition 
results for the worse.” 


An inspection of the Jhelum river and its tributaries, the 
Veshau and the Rambiara, was made, particularly with the idea of 
finding out if any suitable site existed for constructing a reservoir. 
In the river reaches examined, no suitable site was found for locating 

-Teservoirs. The rivers are shallow and wide and bring a very heavy 
load of detritus. The reservoirs, if at all constructed on these 
streams, will silt up very quickly. Besides, the enormous cost of 
_Teservoir (for flood control only) prohibits their construction, unless 
the reservoir is a multi-purpose dam to be utilised for development 
of power, irrigation and navigation and their portion of the cost is 
allocated tothem. However, the requirements of other uses are 
more or less antagonistic to those of flood control, 
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Reforestation of the Higher Valleys 


Forests and vegetal cover materially increase the surface for 
evaporation of the rain-water, facilitate infiltration to the soil and 


consequently decrease the surface run-off which is the cause 
of floods. 


_ Vegetation has also an advantage that it prevents erosion and 
the formation of the gullies on slopes. The forests also have a 
beneficial effect of reducing the quantity and intensity of run-off 
especially in storms of short duration. 


As to the effect of forests on the highest floods, there is a diffe- 
rence of opinion. It is generally believed that in storms of long 
duration the surface run-off from the forest area will be almost as 
much as though no forests existed. 


Mead’, froma study of the effect of large deforestation in 
Wisconsin came to the conclusion that deforestation in that state 
had no marked effect on either the high or the low water levels of 
streams or on the frequency of the floods. Chittenden* on the 
other hand maintained that under certain conditions forests tended 
to increase rather than to diminish the magnitude of floods. 


This problem was studied in great detail in France on the 
Seine river Basin. The French engineers came to the conclusion, as 
reported® by the Director. French Forestry Service, that in the 
‘heavy rainfalls that cause the Seine floods, the action of forests, 
whether ever-green or deciduous, becomes negligible in its effect on 
the high flood discharge of the river. Townsend® observed that the 

‘presence of forests rather aggravated the regime of floods. 
Normandin’ in his discussion of flcods in the Red river, summed up 
that the deforestation had a disastrous effect on average floods, the 
height of which was increased while it decreased their duration ; its 
effect upon exceptional floods was far less beyond question. 


So far as the high floods in the Kashmir valley are concerned, 
reforestation will have no effect and is, therefore, no remedy. 


Selection of Flood Control Measures 


The measures so far adopted to control the floods in’ the valley 
above Srinagar is that of construction of bunds or embankments on 
both sides of the river. The bunds have never been able to protect: 
the valley against inundation. Either these always failed, or were 
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deliberately brea 
the main channel. 


ched at certain:places to relieve the ‘pressure on 


The problem of, flood control in the valley is rather a compli- 
cated one. The bunds built to protect the valley above the city of 
Srinagar, accentuate the floods in the city endangering its very 
existence. The measures for the protection of the valley above 
the city and safety of Srinagar work contrary to each other. The 
spill into the valley reduces the peak discharge passing through 
Srinagar as it causes the floods to reach the city in two instalments, 
The first part of the flood reaches Srinagar straight through the 
river, and the second part, which collects in the valley above 
Srinagar, reaches the city after the first instalment has passed away. 


This is illustrated in Figs. 40 A and B. 


By adopting a very strong system of embankments so that the 
floods do not spill over the bunds and are entirely contained in the 
river, the valley above Srinagar could be made safe against in- 
undation; but the whole discharge, confined in the river, will deluge 
the city, unless the embankments in the city, where the capacity of 
the river is very small due to contraction in the waterway, are 
raised to very great height. It is not possible, however, to 
raise the embankments within the city. Therefore, raising and 
strengthening these embankments asa sole measure of protecting 
the valley against flooding is not feasible. This lends a uniqueness 
.to the problem of flood control in the valley which cannot be cont- 
rolled by levees or bunds alone. A combination of flocd control 
measures rather than a single measure is, therefore, essential. This 
-is borne out by a study of the history of the control of floods on the 
lower Mississippi river. After a long experience, the Mississippi 
river engineers also were convinced of the inadequacy of the bunds 
alone as a sole measure against floods, The earlier investigation by 
Elliot® laid great stress on levees or bunds. In the Delta survey 
report Humphe®¥- and Abbot® advocated “levees only” after 
considering the differnt methods of cutting off bends, diversion of 
tributaries and detention res@fVoirs. In 1874 the Levee Commis- 

sion!? also advocated levees 48the sole measure for protection 
against floods, The Mississippi river Commission in 1880" again 
advocated proper-design of levees only for confining the river in 
the main channel. The Nelson Report of 1898" also, recom- 
mended a complete system of levees on Mississippi river from Cairo 


(Illinois) to the head of the passes in thé:mountains, 
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—Rise and Fall of Sangam and Munshibagh Gauges 


Fig. 40 A 


During Floods of 1948, 
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The California Debris Commission” created by the act of 
congress to control the floods on the Sacramento and Sanjoaquin 
rivers, prepared a planin 1911 which departed from the “levees 
only” policy of Mississippi River Commission. The plan provided 


for flood-way as wellas levees. The Mississippi River Commission, 
however, still advocated levees only. 


The floods of 1927, unprecedented in the history of Mississippi 
river, shook the confidence in the adequacy of levees only and 
compelled the United States engineers to consider other measures 
to deal with the problem of the flood control. 


The Mississippi River Commission in 1928, after a thorough 
examination of measures, advocated new standard of levee grade 


and cross-section. This Commission also advocated flood-ways, 
channel improvement, etc, etc. y 


The Regional Technical Conference of Flood Control of the 
United Nations Economic and Social Council", while discussing 
flood control problem of International Rivers also recommended 
that a combination of water conservation, embankments and re- 


servoirs be considered in preference to a single method for dealing 
with the flood control. 


Measures Recommended 


From a detailed examination of the river behaviour and the 
topography of the valley, the following proposals have been made 


fo solve the problems of flood control and famine in the valley of 
Kashmir. 


1. 


Strengthening and realigning of bunds of the Jhelum river 
at certain places. No further raising of bunds. 


2. 


Improvement of the river channel by cut-offs, etc. 


3, Supplemcntary channel or flood-way from Dogripura 
to Wular. 


4. Improvement of the outfall channel by :— 
(i) Diversion of the Ningle into the Wular lake. 


(ii) Complete diversion or diversion of sediment of Pohru 
river into Wular lake. 
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(itt) Stabilizing torrents below Baramulla. 

(iv) Removal ot foot bridge at Baramulla. 

(v) Removal of the Ningle Plantation above Sopore. 


(vi) Removal of debris from the bed of the outfall channel. 


A detailed discussion of each measure proposed is given in 
separate chapters. The first three proposals regarding the bunds, 
the channel improvement and the supplementary channel are 
discussed in Part I of this report; while the proposals for 
improving the outfall channel are given in Part II. A’ brief 
mention of the measures proposed for protection of the valley 


above the Wular lake may be made here. é 


The Bunds, 

The bunds should be properly maintained and supervised realign- 
ed at sharp curves so as to avoid the direct attack of the river. 
They should not be allowed to get breached. In the reaches below 
Dogripura, no further raising of the bunds js required. The proper 
section of the bunds is given in Chapter XIII, above Dogripura, 
the bunds may have to be raised as given in that Chapter XIII. 
Similarly on the Rambiara river, the bunds should be made strong 
enough to withstand breaches during a high flood. 


The Channel Improvement 


To improve the channel above the city of Srinagar, cut-offs 
have been proposed across Shivpore and Pampore loops. With 
these improvements there shall be flood stage lowering in and 


above the city. 


The Supplementary Channel 


The major scheme to deal with the floods in the valley above 
Wular lake is the provision of the Supplementary channel o 
flood-way taking off from the river below Dogripura, flowing alo ; 
the karewas through the depressions in the: left. of he 
valley and passing through tke flood spill channel to Batmall 

nambal and thence through a chain of nambals to the Wular ce 
Besides protecting the valley against inundation an importa 
function of the channel will be to reclaim the ice land he fe 
valley by the siJt brought by the channel from the rivet, : 





T 
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11. 


12. 


13; 


14. 
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“CHAPTER THIRTEEN 


MAINTAINING, STRENGTHENING 
AND REALIGNING OF 
RIVER BUNDS 


Origin of the Bunds 


On both sides of the Jhelum river and in certain reaches of its 
tributaries, bunds have been constructed. These bunds were first 
built in ancient times by individual land-holders to protect their 


own land from the floods in the river. 


On account of the bunds having been constructed by individual 
or group efforts, they were not on any systematic basis. They had 
severe bends and sharp curves and were located mostly on the river 
edge to save the land. Later on, when the lands were taken over 
by the Government, thes2 were strengthened and improved here 


and there. 


The bunds have many defects, such as low height, faulty 
location and light cross-section and poor maintenance. The river 
bunds on the Jhelum river have not given the necessary protection 
to the valley against any major flood that’ came down the river. 
These bunds have always breache1 resulting in inundation of the 
valley and a heavy loss of crops and property. 


Influence of Bunds on the River Beds ; 


The bed of the Jhelum river is definitely rising. The-tendency 
for the river bed to silt up was mentioned as early as 1913 by Purves’ 
who warned against this rise of the bed and proposed that this 
must be carefully watched, otherwise it might become serious in 
the course of about two decades. The river action in the valley is 
very slow, but the accumulated effect extending over several 


decades is considerable. 
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Regarding the causes of the rise of bed there isa general 
impression that levees raised the bed of the river. Tulsi Dass? 
attributed the rise of the Jhelum bed to the existence of the bunds 
and their raising from time to time. On this assumption he strongly 


advocated that no further raising of the river bunds should be done 
as it would cause serious silting up of the river bed. 


In the past a lot of controversy was raged on this point, 
whether the bunds on the river banks raise the bed of the river 
or not. The theory that the construction of embankments raised 
the bed of the river was started in France by deProny after his 
inspection of the Po river in floods. The embankments on the 
Yellow river in China were also held responsible for raising the bed 
of the river. To investigate this point an examination of the Rhine 
river was made by Hague®. The observations taken in Cologne 
from 1€46 to 1849 and in Dusseldorf in 1800 to 1879 show that rise 
in river bed was not appreciable. It was only of the order of about 


06 to 07 feet in one century, on the assumption that the minimum 
flow did not change. 


The Mississippi River Commission after examination of the 
reach of the Mississippi river where embanking was developed to 
the highest degree, came to the conclusion that the bunds do not 
raise the bed of the river. Ockerson! from a comparison of . 
surveys of the river at different periods concluded that no raising of 
the river bed on account of building of levees was observed. 
Townsend® in 1912 came to the conclusion hat there was no sign 
of silting up of the bed on account of the jykes. On the other 
hand, dykes smoothened away irregularities and made the flow 
uniform. Hathway® in 1951 stated that the bed of the Mississippi 
river showed signs of lowering. 


In Italy, the behaviour of the Po river is an interesting example 
regarding the effect of dykes and levees on the bed of the river. The 
first series of the study of this problem was made by Lambardini. 
To him, observations extending roughly over several centuries did 
not show any indication about the rising of the river bed. Fantoli’ 


-calculated the average of a yearly maximum, mean and mini- 


mum height in the Pontelagoscuro river for a successive period of 


ten years for a century from 1807 to 1906. The net result of his 
laborious calculations backed up by observations was that no 
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modification of the bed, either raising or deepening was in evidence 
in any section of the Pontelagoscuro river. Shaw® also, from a 
study of ninety years’ record of the Mahanadi river, did not find 


any rise in the bed of the river.. 


The bunds or enbankments cannot be held responsible for 
raising the bed of the Jhelum river. The cause of the rise of 


the bed in the river may be easily traced to the failure of its 


system of embankments. This results in the withdrawal of water 


containing comparatively less charge of silt from the river ;. while 
heavy sediment load carried by the bottom layers remains in the 
channel. The reduced discharge in the river, resulting from the 
spills upstream cannot carry the sediment. This sediment deposits 
and raises the river bed. If the process is not checked, serious 


deterioration of the river channel occurs. 


In the scheme now proposed, the bunds are an essential part 
upto a certain river stage. They have not to be allowed to be 
breached. Therefore, it is necessary that they should be strong 
enough to withstand the river discharges upto which they are 
required to operate. With the proposal of the supplementary 
‘channel, the river bunds are divided into two parts. Part I 
comprises of allthe bunds below Dogripura, and Part II comprises 
of bunds on the river above the head of the supplementary channel 


at Dogripura to Sangam and above, 


Bunds on the Jhelum River below Dogripura 


With the operation of the supplementary channel, these bunds 
will not be required to function under these flood heights as they 
were expected to before. Since the flood discharges below Dogri- 
pura shall have been reduced by the withdrawal at Dogripura, the 
height of the bunds to which they were raised in 1951 should be 
quite adequate against overtopping. The most important point 
regarding the bunds in this reach is their alignment. The align- 
ments of embankments or bunds must be such as to avoid a-direct 


attack of the river. The earthen bunds never offer any serious 


obstruction to the erosion by the river. . They cannot stand the 


swirling action and cross currents which accompany the direct hit 
of the river. The bunds, where they are right on the river edge 
and especially where they are on the curve, should be retired so as to 
be sufficiently away from the river'attack. The Regional Technical 
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Conference on Flood Control (1951) of ECAFE laid great 
emphasis on the location of the bunds away from the direct attack 
of the river. At all curves, therefore, the bunds should be shifted 
away to avoid direct hit. If, by any circumstances, retiring is not 
possible, the bunds should be pitched and provided with stone 
apron of sufficient length and depth. In the Jhelum river 
breaches at curved points have occurred in the past even in normal 
flood discharges. In the year 1951, the river breached at 
Kandizal curve even though the flood stage was by no means high. 
The gauge was only 18 against a maximum of 28 in the year 1950. 


The top width of these bunds should be about 12 feet, the 


slope on the river side should be 2} tol and on the back-side it 
may be 3 tol, 


A free board of at least three feet should be provided on these 
bunds, The design is shown in Fig. 41. 
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Fig. 41—Design of River Bunds below Dogripura 


River Bunds above Dogripura 


The river bunds from Dogripura to Sangam and on the left 
bank of the Rambiara shall have to be made very strong to avoid 
any breaches taking place inthe. In this teach the whole of the 
discharge will be confined tetween the bunds. The river level, 
therefore, would rise above that experienced in the past when 
breaches occurred. Onaccount of the draw of the Supplementary 
Channel, there will, however, be some lowering of the water 
surface level just above or a short distance upstream of Dogripura. 
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Keeping in view the maximum flood discharge and the size of 
the Jhelum river in this reach, the following dimensions of the bunds 


are proposed, 


Top width 20 feet 
Free Board over the maximum flood discharge 5 feet 
Slope on the water face 23 tol 

3 tol 


Slope on the back side 
; With terraces to covera minimum hydraulic gradient of 
1in7 by a minimum of 1°5 feet as shown in Fig. 42. 
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Fig. 42—Design of River Bunds above Dogripura. 


The dimensions of the bunds are largely controlled by the 
nature of the earth available. - They are constructed in layers 
preferably not more than one foot thick, watered and consolidated. 
‘The embankment on the back side is extended to contain the 
hydraulic gradient at the maximum river stage. Asa result of the 
examination of the soils from the natural surface of the valley in this 
reach, a minimum hydraulic gradient of 1 in 6 has been suggested. 
Terraces 15 feet at the minimum are provided to cover this 
gradient. The river side face should be kept as flat as possible, not 
steeper than 13:1 in the first instance. Otherwise, sloughing would 
occur. The bundson the Rambiara river above Naiyun may be 
slightly different in section from those proposed for Jhelum river, 
These also shall have to be made too strong to be breached. = 


A careful and regular maintenance of the embankments will be 
required. A bund which is closely watched and carefully main-— 
tained withstands the floods; otherwise, it is seriously threatened 
and often fails. The bunds, therefore, must be properly supervised 
and maintained. This is the first essential required by these bunds. 
Before the approach of the flood season, a programme of superivison 
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and emergency plan should be carefully drawn and brought into 
operation as soon as the water reaches a certain level. Wide 
resources in personnel and equipment should be made available to 


the organisation entrusted with the work of bund supervision and 
flood control. 
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CHAPTER FOURTEEN 
CHANNEL IMPROVEMENT 


Aims and Methods. 


This method aims at control of floods by increasing the carry- 
ing capacity of a channel so that during flood, the flood waters are 
contained within the channel. This is attained either by increasing 
the size of the channel or by increasing the velocity of flow. It is 
not possible to increase the size of the channel by widening it. 


Also in the case of the Jhelum river it is not economical to 
deepen the river, as.the cost of deepening Would be many times the 
value of protection received. Therefore, this method of improving 


the channel is not recommended. 


The velocity of flow ina stream depends. upon three factors; 
first; the water surface slope, second; the hydraulic radius, and 
third ; the roughness of the channel. 


Roughness of Channel 

Efficiency of a channel is appreciably increased by clearing the 
banks and the bed of the fallen trees, snags etc. Bends and loops 
also add to the roughness of the stream. The straightening of the 
channel eliminates the roughness factor. 


Hydraulic Radius 

The velocity increases as the hydraulic radius increases. 
Deepening has a greater effect in increasing the value of the hydrau- 
lic radius than the widening of the channel. Since the outlet of a 
stream, like that of the Jhelum river, cannot be Jowered, the deepen- 
ing of the bed upstream would decrease the slope of the stream 
resulting in the loss of velocity of flow. ‘The hydraulic radius can 
also be increased by raising the banks by levees instead of lowering . 


the bed by dredging. 
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Since the most economical method of constructing levees is by 
depositing the dredged material from the bed on the banks, these 
two methods are considered to be one method. Control of the 
floods in the Jhelum river by raising the bunds has already been 
discussed. 3 
Slope 


The velocity of {low varies as the square root cf the slope. 
For doubling the velocity the slope has got to be increased four 
times, Ona flowing stream, the total fall between two points is 
constant. Therefore, the only way to increase the slope, ie., fall 
per unit length, is by shortening the length of the channel of the 
stream. As most of the alluvial streams meander in their flood 
plains, they are readily susceptible t» shortening. The shortening 
1s accomplished by construction of cut-offs across the narrow necks 
of lands made by sharp loops in the channel. 


Meandering of streams has been attributed ‘to several causes, 
the principal of them being ; rotation of ‘the earth or Von Baer 
Law’, the excessive slope and energy of a river and changes in 
stage. Gerard Matthes? showed from his investigaticns tlat 
meandering is due to the accretion of the bed and not erosion of 
the bed. Inglis* from his experiments showed that excessive 
bed load accompanied by insufficient slope is the primary cause of 
meandering of streams.- Fried Kin* from ‘a laboratory study 
proved that the only requirement for meandering is bank erosicn. 
The meandering, according to him, results primarily from local 
bank erosion and consequently local overloading and deposition by 
the river of the heavier sediments which move along the bed, 


Meandering is essentially a natural trading process of sediments 
from banks to bars. The rate of trading depends upon the rate of 
bank erosion. The cross-sections of the meandering river are 
deeper at the concave bends and shallower on the convex side. 
Resistant banks result in deep cross-section, while easily erodable 
bank$zesult 1n shallow cross-section. 


The three closely related variations of a meandering s‘ream are 
first ; the flow and the hydraulic properties of the channel; second; 
the amount of sediment moving on the bed and third; the rate of 
bank erosion. All the three variations strive to reach a balance 
which is never attained, 
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Meandering and Serpentining 

-; sAceording to Schochlitz, the serpentining 
riversiis due.to the fact thatthe slope in such’ ‘stretches.is too great 
and-is not in equilibrium with the size of the bed sediment grain. 
The initial. cause of serpentining is usually a sand bar which, 
for:some reason. forms near one bank and forces the flow over to 
the opposite bank where it is again deflected to other side, and so 
forth. Ifthe banks are not strong4 enough, bends will form and 


finally when the length of the bend (L)' becomes greater than 5 
bend is called a meander where D is the length of the chord. 


and meandering of : 


the 


. “The meanders are not stable and wander down a valley over a 
strip of land which may be 13 to 18 times as wide as the river 
channel itself, if the development is unobstructed. Where two 
meanders come too close together, a natural cut-off or break occurs 
during high _ water, the channel at this place then becoming 


temporarily straight or nearly. so. 


r “On an unrestricted stream whena certain loop chord ratio of 
a river, bend i is exceeded, a cut-off generally ‘occurs. According to 
Inglis, this ratio is of the order of 1°75 to 20. Due to certain local 


conditions, however, the cut-offs may not occur even at a much . 


higher ratio than 2'0. Presence of levees or bunds prevents the 
formation of natural cut-offs because these do not allow the spill to 


take place at the neck point during floods. 


Cut-off ise 

“The occurrence of cut-offs in meandeting streams has been ile 
subject of investigation from early times. Humphrey and Abbott? 
in their classic works on “Physics and Hydraulics of the Mississippi 
river’ 
Heywood.in his paper on the “Transporting Power of Water”, 
discussed the formation of river bends and their actions. He 
referred to the work of Mr. Fergusson, published in 1863 on 
meandering of the Ganges, Bhagirathi and other rivers, 


Molloy’s notes’ on the “Physics of River Indus” edited by 
Spring’ make a valuable contribution on this subject. Molloy ascrib- 
ed the occurrence of cut-offs to the changes in gradients in tortuous 


channels with alternate bars and deeps at off-takes and outfalls. “ 


“i 


have discussed the effects of cut-offs and bends. : 

















Fig. 43 A—Loop of the Euphrates River above Habbaniya (Iria). 


Fig. 43 B—Loop of the Sutlej 
River above Pallah 
(Pakistan). A Natural 
Cut-off occurred across 
this loop. 


A Natural Cut-off occurred across the loop. 
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Cut-offs occur by “digging back” action of the current or 


cataract at the outfall bélow a digging channel. The whole i 
the slope along the loop is concentrated on the short chord. us 
the end of the winter, as the discharge rises, tke water flows oN er 
the low sandy spits at the sides of the bends and starts eroding 
upward from the downstream ‘resulting in a straight cut-cff into 


The long loop gts silted up Cut-cffs are cons- 


the main river. 
Whena comp- 


tantly forming in che river in one part or another. ae 
i i i istance , 
lete cut-off occurs, it affects the river for a considerable : 


up and downstream. These natural cut-offs occur alrnost on every 
meandering stream. A few examples of natural cut-offs are those 


which occurred on Euphrates river above Habkaniyah, Fig. dA 
on the Sutlej river above Pallab,-Fig. 43 B, and thé Ravi river above 
Balloki and a number of places on the Lower Mississippi river. 


Chutes : 
Besides cut-offs, chute development occurs in several cases. 
~~~ -Appreciable tiver shortening “results from chute’ formation’ also. 
Since. the chute formations work gradually, they do not produce | 
spectacular results. - -They ‘have -not- attracted: much attention. 
Several chutes have formed on the Mississippi, the Sutlej, the 


Ganges and the Ravi rivers. ; ‘ 





Artificial Cut-offs 


In cases where the cut-offs have not developed, in spite of the 
Tequisité conditions being available, artificial -cut-offs are made by 


man to shorten the river to lower the flood stage. 


On the Rhine river (Germany), in the reach between Badenese- 
Bavarian boundary, as Many as ten artificial cut-offs were made ‘in 
a Period of 25 years between 1818 and 1844, Large loops of the 
Tlver were cut out and a long reach of the river was straightened. 


Means of cut-offs. 


ee Other famous examples of cut-offs ate those’cn the Tisza nee 
in Hungary. In this case cut-offs were made shortening the Tlver - 
by 283 miles in an original length of 746 miles. This work was 














Fig. 45—The Loop of the Jhelum River at Shivpore. X mark indicates 
the point from which the Pilot channel shall be made across 
* the neck of the Loop. 


although the depth of the cutting was about the same as in the 
first case. This cutting was to be made across a spur which 
projected towards the river. After the detailed consideration of the 
various factors, it was found that this diversion would not serve 


a useful purpose, since the major part of the bend would 
continue to exist. is 


Cut-off on the Shivpore and Pampore loops 


Straightening at other points, such as Shivpore and Pampore 
appears to be practicable and desirable. At Pampore and 


- Shivpore, the loops are large and the length of the straight channel 


is not very great. The cuttings involved in the straight channel 


_ are not much. A site ‘plan and: long section of the proposed 


cut-off across the Pampore loops are given in Figs. 47 and 48. the 
Shivpore loop (Fig. 45) was especially examined for the course of 


the straight channel. From the latest aerial survey it was 


disclosed that not many important buildings or other centres were 
siguated on its course. There was, therefore, no difficulty in 
taking a channel along the straight course. Onthe other hand the 
new alignment of the river was advantageous. A site plan and the 
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Fig. 47—Site Plan of Jhelum River at Lathpura Karewa, 


long section of the proposed cut-off across the Shivpore loops ate 
given in Figs, 50 and 51. In the case of straightening of bend at 
Panznor Mulor, the advantage gained appeats to be very small 
as compared with the cost of the scheme. A cut-off in this reach 
was considered desirable since it will help in lowering of 
flood stage in the city of Srinagar and the working of the 
Shivpore cut-off. 


Mechanism of Cut-offs 


When a cut-off occurs on the tiver, a steeper slope js 
imposed on the new channel above the upstream end of the cut-off 
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Fig 48—Site Plan of proposed pamphlet cut-off, 
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Fig. 49—Long Section of proposed Pampore cut-off. 
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due to the reduced length. The velocity of — naae 
resulting ina greater movement of the bed material than ae 
taking place in the original channel. Due to ae fe Bre 
akes 
ial, development of the channe 
of the bed materia De a 


rapidly, A partof the bed material excavated DY (7 
from the upstream end of the cut-off may be deposited in the 


channel downstream of the lower end of the cut-off. As the cut~ 
off develops, the lowering of the water surface level and greater 
movement of the bed continues to extend further upstream of the 


upper end of the cut-off. The water surface level along the cut-off 
downstream end of the 


In certain cases 


ses, 


and upstream is Jowered while at the 
cut-off it may remain practically the same. 
dredging of the bed downstream of the cut-off may have to be 


adopted to remove the heavy deposit, if there is any. With the 
improved technique, no marked deposit of the sedimentary 
material removed from the upper end has been observed at the 
downstream end of the cut-off. The full effect of the cut-off in 


certain cases may be realised in a long period, although in certain 
cases the effect may be very quick, as mentioned by Todd and 
Ellisson” regarding the lowering of the bed of a 30 miles stretch of 
the Yellow river at an average of 15 feet in a short period of 12 


hours only. 


Effects of Cut-offs 


The effects of the cut-offs, may be summarised as under: 


1. There is lowering of flood stages, the lowering being 
much more at the upper end of the cut-off section 
than at the lower. 


2. Cut-offs on the alluvial streams result in erosion above 
the cut-off and in deposition of material below. 


3. Downstream of the cut-off sand bars may be formed 
which, if extensive, have to be removed by corrective 
dredging. 


4, The channel improvement benefits the land above and 
most of the land along the cut-off. 


5. A cut-off whether it be natural or artificial affects the 
regime of the stream, 
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The Techniaue of Making Cut-offs 


In the co-ordinated programme of making cut-offs, developed 

by General Detson, a new procedure was evolved. This procedure 

“made a radical departure from that adopted in Europe. The 
procedure consisted of the following two main points : 


1. The alignment for the cut-off was along a curve instead 
of along the shortest distance at the neck. The new 
procedure has many advantages over the old one in 
developing the channel. 


2. A-pilot channel along the alignment of cut-offs is made 
and the stream is allowed to develop that channel 
instead of making a full width channel in the beginning. 
By adopting the pilot channel and allowing it to 
develop gradually, the deposition of sedimentary 
material at the lower end of the cut-off is avoided. 


Matthes’” while commenting on the programme of work 
on the Rectification of Papaloapan river in Mexico made a valuable 
suggestion that no excavation work on any pilot channel should be 
started unless the entire excavation of that channel can be completed 
before the ensuing flood season, the reason being that an 
incompleted pilot channel, if submerged during a great flood, would 
suffer a szrious damage as it would be converted into a wide shallow 
swale or chute which the river would not be able to deepen and 
develop into a full size channel. 


When a number of cut-offs are to be made, the lower most one 
should be adopted first. It is always advantageous to start excava- 
tion of the pilot channel of the farthest downstream cut-off and 
proceed upstream. The advantages are :— 


(1) The lowering of the water surface level in the first 
' pilot channel extends upstream to the next channel. 
This effect on the upper channel is small in the 
beginning but becomes marked in the course of time. 
The channel becomes enlarged due to the development 
taking place lower down. Little deposit may occur at 


the downstream end of the upper cut-off with this 
arrangement, 


158 
(2) The sedimentary material wash 

cut-off will also deposit in t 

lower down thus partly reclaiming t 
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ed down from the uppet 
he abandoned channel 
hat channel. 


offs on total lowering of the flood 


Regarding the effect of the cut- 
be given without carrying out 


stage, no quantitative value can 
model tests. The behaviour of the c 
was first examined on the model to eva 


produce, 

Adopting the procedure of making a cu 
an examination of each cut- 
the working details prepared. 
XIX to XXI. 

TABLE XIX 


Design Data for Lethpura Cut-off 


Deepest point at upstream side ~ 
Deepest point at downstream side 


Water level on upstream side 


Difference between water levels 
Distance of the chord from deepest to deepest point 


1 

2 

8 

4. Water level on downstream side 
5 

6 

7. Available water surface slope 


8 V/ Ss) 
-9, Bed-width of the pilot channel 


10. Side slopes : pe 
ll. Average bed level See 


12. Average N.S. level (Approximate) 
13. Average depth 


14. Surface width 24440424 


15. Area of Cross-section =f 


16. P, = 40+2V (24)? + (24)? 





17. R = 1536/108 

MEARS > 
18. V =—p5e x 0°0249 x 5°864 
19. Q = 1536 x 8°68 


ut-off on the Mississippi river 
luate the lowering it would 


t-off as discussed akove, 


off on the Jhelum river was made and 
These are given 


in Tables 


5193°4 
5189°2 a 
5205°0 
5201°0 

40 | 
6440 feet 


1 in 1610 
0°000062 


00249 
40 feet 
Gs alate 


= 913 


= 5215°0 


= 23°7 say 
24'0 ft., 


= 88 feet 
= 1536 feet 


ow ow poy 


HW 


= 108 feet 

= 14°2 feet 

= 8°68 feet 
= 13332 


Leaving, 255, feet or say 260 feet river length ‘upstream, the 
effective length i is. reduced to 6180 feet only. The & -erms will have 
to be taken about 150:on each side for, 40,000: cusecs’ ‘discharge. 
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TABLE XX 


Design Data of Pampore Cut-off 


1. Deepest point at Pampore where cut-off will 





take off. . 4 70°24 
2. Deepest point where it will cross the river 73°16 
3. Deepest point where it will fallin the river 70°53 
4. Water level as per Item No. 1 83'50 
5. Water level as per Item No. 3 80°8 
6. Difference between Item No. 4and 5 27 
7. Distance of the chord 5450 feet 
8. Available water slope approx. 1 in 2000 
9. 4/ S- 07022261 
10. Bed width 40 feet 
11. Surface width 85 feet 
12. Average bed level SICH 5S say 70°5 
13. Average N. S. level : 93°0 
Approx. 
14. Average depth = 930—70°5 22°5 
4 40 + 85 2 
15. Area of cross-section= See e 22,51406°25 
16. Side slopes - : Vet 
17. Pw=40+2 V (225)7 + (225)? 103 : 63 
18. R = 1406'25, 103°63 13°57 feet 
19, V =~ 28 x 01022361 x 5'6993 756 feet 
20. Q = 1406 x 756 10,629 cs. 


21. For 40,000 cusecs discharge berms will have to be taken 150’ an each 
side approx. and the effective length of the chord will be reduced ta 
5,000 by leaving the river side at upstream section. 


The cuts proposed for straightening the channel are on a curve 
instead of along the shortest distance. Similarly instead of a full 
width channel, a pilot channel has been proposed as is the latest 
American practice. 
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EK = 


> 


10. 
11, 
12. 
13. 
14. 
15. 
16. 
17. 


18. 


19. 


20. 
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TABLE XX! 


Design Data of Shivpore Cut-off 


Deepest point at upstream side (mile 
Deepest point at downstrea 
Water level on upstream side dt/21.10.49 


Water level on downstream side dt/27.10.49 


Difference between water levels 
Distance of the chord from deepest point 
to deepest point Djs. 


Available Water Surface Slope 


wi 9 


Bed width of the pilot channel 





Side Slopes. 

Average bed level (Approx.) 
Average N.S. Level (Approx.) 
Average depth 

Surface width 

Area of Cross sections 
Wetted perimeter 


Hydraulic Mean Radius R. 


= 1886 . 
pos — * 00142 X 5°50 


Q =1281 X 4:64 
Say 


Discharge. 


No. 43) 
m side (mile No. 47) 


R.L. =5182°2 
R.L. =5178'3 
R.L. =5190°91 
' RL. =5159°47 

= 144 ft. 

= 7200 ft. 

=0°0002 ft. 

=0'0142 ft, 
= 40 ft. 
Salat 


wees 2 RL, =51800 
R.L.= 5201°0 


=1281 sq. ft. 


“= 99°4 ft. 


= J2°9 ft. 


= 4°64 


= 5,944 


* = 6,000 cusecs 


OF aepons cusecs discharge, berms will have to be taken ‘about 2C0’ on 
either side and the effective length of the chord may be reduced 
6,800 feet by leaving 400 feet as approximate river side ree 


10. 


ll. 


12. 
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CHAPTER FIFTEEN 


SUPPLEMENTARY CHANNEL 


Necessity of a Supplementary Channel 

The increase in the discharging capacity of the river by hasten- 
ing the flow by channel improvement and by bunds has already been 
discussed. Provision of a supplementary channel effects control 
over the floods by diverting a portion of the flood discharge away 
from the main river. Since the safe discharging capacity of the 
main river channel is limited and floods, very much in excess of 
this capacity, are experienced, water spills into the valley all over 
the river bunds below Sangam. The crevasses occur more or less 
over the same reaches in every high:flood. Some of these crevasses 
such as those at Masyari and Kandizal are very large, extending 
over several hundred feet. Besides the spills from the main 
river, water also spills into the valley over the left bank of the 


Rambiar river. 


In the valley, flow takes place along the line of depressions at 
the foot of the karewas on the left of the main river. This flow is 
sev.ral feet deep,- spreads over a large area and the discharge is 
more or less equal to that inthe river, The spill discharge is so 
great that if it were to be confined in the river, the bunds shall 
have to be made very high indeed, The control of floods by bunds 
alone is not feasible. In the event of the failure of high bund, a 
catastrophe may occur. Evena river evulsion may take place. 


From the point where large spills start taking place into the 
valley, diversion of a portion of the river discharge along a regular 
channel appears to be a very suitable measure. Instead of the spill 
spreading over the whole of the valley and devastating valuable 
crops and property, it will be confined in a regular channel. At 
present the spills carry comparatively clear water leaving he 
sediment load in the river: while through the S icleaote 
channel, proportionate silt charge also can be extracted from fe 
Iain river and can be utilized in reclaiming low lands, : 
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ff the Jhelum river had been left to itself and not confined 

between the bunds by man, a second creek of the river would have 

formed itself below Sangam. Even at present the spill water forms 
a virtual channel along the depressions to the left of the valley. 


Supplementary Channels or Floodways as Adopted in Other Countries 


Such diversion channels or floodways have been adopted on 
the Lower Mississippi, the Sacramento and the San Joaquin river in 
California. The Jadwin plan for the control of floods in the Lower 
Mississippi river provided five floodways on detension basins, namely 
New Madrid floodway for the protection of the city of Cairo, 
Bonnet Caree Floodway for added protection to New Orleans, two 
floodways, along Atchfalaya river known as Morganza floodways, 
and a flood way along Beouf 1iver into which water could be 
diverted at high stages, thereby reducing the discharge in the 
stream below. The levee line at the head of the floodway is kept 
at a lower level than the level of the main levees of the river. 
When the water rises to this level,it spills over to the lower 
levees and into the floodway. At the lower end of the floodway, 
there is a similar ‘“Fuse-Plug Levee” to-release the flood water. 


The floodways through Sutter basin and Yellow Basin, in the 
state of California, were adopted much earlier than those on the 
Mississippi river. The floodways have generally worked 
satisfactorily. 


On the. Euphrates river in -Iraq near Habbaniyah a similar 
problem on which the author was consulted, arose in 1943. The 
river in this reach is confined between high levees which were 
breached by the river during floods, inundating large areas and 
causing heavy damage to the air cantonement. One of the 
important proposals put forth was to divert a substantial part of the 
flood discharge, as much as 60,000 cusecs, through a lined channel 
into Habbaniyah lake and release the supplies gradually after the 
floods have subsided—Fig. 52. In the case of the Jhelum river in the 
Kashmir Valley, a second channel for controlling floods in the main 
river appears to be essential. The design of the channel has been 
based on the alignment and configuration of the river bed and the 
topography of the valley. 


The Design of the Supplementary Channel 


For the channel to work efficiently it must be designed care- 
fully, taking into consideration all the different aspects which 
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F MUJARRAN ESCAPE 


Low SANDY 
DEPRESSION 





Fig. 52—Diversion Channel from the Euphrates River into the 
Habbaniyah Lake. 


i eBieane the working of the channel. The following elements of 
the design have been considered :— ° 
1. Capacity of the channel. 
Location of the Head of the Supplementary Channel. 
Angle of off-take. 
The cill level at the off-take. 


The dimensions, ie 
The alignment. 


2 

3: 

4, 

5. The slope. me 

6. 

7. 

8, The drainage crossing the alignment. 
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1. Capacity 


The safe dissharging capacity of the main river at and a short 
distance below Sangam is 50,030 cusecs. Lower down, however, and 
especially near Srinagar, this capicity is decreased to 35,000 to 
40,0°0 cusecs. The capacity of the main river would also be increased: 
by channel improvement. By strengthening bunds and realigning 
them it can be increased further. In view of all these considerations 
it is decided that a discharge not exceeding 35,000 cusecs. to 40,000 
cusecs is required to be disposed off in the supplementary channel: 
In designing the supplementary channel, therefore, maximum dis- 
charge considered is 40.000 cusecs. This includes the spills from 
sources other than Jhelum river, such as Pir Panjal, etc. 


2. Location of the Head of the Supplementary Channel 


The first large breaches from the river occur at Dogripura. one 
and a half miles below Sangam. Jna small lench of the river there. 
as manv as ten big breaches, totalling a lensth of 1,000 feet. occurred 
in 1950 flood. Below Dosgrivura also very extensive breaches 
continue to take place in the left bank. Inathree mile reach of 
the river, gaps in the bunds totalled 3,000 feet during 1950 flood. 
The river at Masyari, six miles below Dosripura, washes awav its 


left bank for a considerable length in almost every big flood that 
comes down the valley—Fig. 31. 


Due to the frequent breaches letting off large volume of water 
from the river, channel formation along the line of flow has taken 
place from the left bank of the river to the depression in the left of 
the valley, devastating a lot of valuable land. 


The supplementary channel, to give full relief, should take off 
from somewhere near Dogripura. The question of the actual point 
of off-take is very important. Withdrawal of such a large dis- 
charge from tte river will have considerable influence on the 
conditions of the river below the off-take With the rediction in 
the discharge, the sediment transporting power of the river is very 
much reduced and unless corresponding reduction also takes place 
in the sediment charge, river cbannel downstream of off-take will 
deteriorate materially. Therefore, w:th the withdrawal of 


water, proportionate sediment charge must also be withdrawn 
from the river, 
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For effecting improvement in the channel, less ay its se 
sediment charge should be allowed in the river. In the supple 

be transported, 


i d, as much as can 
ary channel, large sediment load, ya 
should be diverted and utilized in silting up low lands in order to 
is the most important function of the 
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reclaim them. This 
supplementary channel. 
It isa well-known fact that ina winding channel the sediment 


load is concentrated on the convex sides of the curve while compa- 
Shoals and bars 


ratively clear watet flows on the concave side. : 
exist.on the convex side of the bend while pools are formed on the 


concave side. In order to draw large silt load, the supplementary 
channel should take off from ‘the convex side of the bend. The 
considerations for the location of the head of the supplementary 
channel are opposite to those for’siting the head sluices of a power 


or navigation channel, 


In order to select the most suitable site for the head of the 
supplementary channel, a detailed survey of the Jhelum river for 
alength-of about five miles’ below Dogripura was carried out. 
Position of shoals was observed and cross-sections of four convex 

- bends at miles 14, 14°75, 165 and 185 below Khannabal were taken. 
A plotting of the observations made is given in Fig. 53. ‘The indi- 
cations obtained from the study of the figure are : 


The cross-sections at mile 14 and 185 are similar and are 
indicative of the superiority of the sites to those shown by sections 
at mile 1475 and 185. At the former sites shoals are extensive at 
the convex side and more or less are at the same toplevel. The top 
level of the shoal is not very much above the deepest bed of the 
river. At the latter sites, the river edge at the left bank shows 


a continuous steep slope. 


From the above considerations the head of the supplementary 
channel should either be located at miles 14:0 or at 18°5. The site 
at mile 18°5, however, is too far below Dogripura and very large 
breaches occur above this site. In order to relieve this reach from 
the pressure of the river during floods, the head of the channe! 
should be placed at mile 14:0, The site is nearly at Dogripura. The 
river makes a large loop of a radius of about half a mile and the 

apex is situated about one mile below Dogrtipura. A contour plan 
of the river bend at the point of the Proposed off-take of the 
supplementary channel is given in Fig, 54, oF pe aay 
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Fig. 53—Cross-sections at Four Important Convex Bends 
below Sangam, 
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During the inspection of the valley in September 1952, the 
locality at the point of off-take was examined in detail. The inspec- 
tion showed that the site, about half a mile below Dogripura, 
which had already been selected for locating the supplementary 
channel is quite suitable. At this point there is a large shoal on 
the left side extending along the river for more than half a mile. 
The shoal is about two to three feet higher than the water surface 
level. The river bed on the right side is about three feet lower 
than the water surface level, except at a point close to the right 
bank where the depth is five feet. The shoal from the apex of the 
curve moves from the left to the right side for a short distance 
downstream. At the apex ofthe curve the bed is lower by about 
two feet bn account of the shoal having moved away from the left 
bank. A short distance downstream of the peak of the curve, there 
isa small island in the river dividing the stream into two channels. 
The left side is dry while on the right side there is a deep channel 
along the right bank. The island is reported to be growing in size 
and is said to be extending upstream. Discussing the merits of this 
site, i¢ may be pointed out that the island below the off-take may 
be an advantage. Ifat any later stage it is required to construct a 

_ bar in the main river to divert still more quantity of sediment load 
into the supplementary channel, it can be easily done. 


To stabilize the existing river approach, banks shall have to be 
pitched with stone for ‘a certain length upstream and a short 
distance downstream of the off-take. 


3. Angle of Off-take: 


The amount of sediment drawn by a channel from its parent 
channel depends upon the angle af its off-take. Out of the different 
angles of off-take, the right angle off-take draws the maximum 
sediment. To minimize the sediment entry into the canal, the right 
angle off-take is avoided in irrigation canals. To have maximum 
sediment charge in the supplementary channel, a right angle off- 
take is very much desirable. The worst off-take for irrigation 
canals or power channels is the best for the supplementary 
channel. The supplementary channel should take off at right 
angle from the apex ofthe curve. The inspection of the site in 
the last week of September 1952, showed that there is no difficulty 
in taking the supplementary channel at right angles. There is 
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- habitation 
nd there are no villages or any other habitat 


plenty of spaze at : 
interfering with the proposed alignment. 


4, The Cill Level of the Off-take al 
i i lof the cill of the off- 

xt item of importance Is the leve 
aE ghee working of the channel depends considerably 


onthe cill level. The cill level, therefore, should be cope 
after taking into full consideration the bed conditions and the 


hydraulic characteristics of the river. 


- The cross section of the river at this point of off-take is shown 
in Fig. 55, The deepest bedis at R.L. 5201'22 and the average 
bed at R. L. 5204, The flow characteristics at the point of off-take 


are as given below: 


1. Highest flood level 5228'40 
2. Lowest water level 5205'82 
3. Average high water level 5227°45 
4. Average low water level 5208'00 


The following considerations have been made in fixing the 


cill level : 


1. The level of the cillshould be such that the channel 
draws the maximum sediment load, 

2. It should be such that the channel can be regulated at 
the head easily by means of needles. 

3. It should be such that the channel functions during high 
floods and as soon as the floods subside, flow into the - 

- channel can be stopped, if desired, 

4. It should be such that a desirable bed slope can be 
given to the supplementary channel. The slope would 
be governed by the cill of the off.take and the bed 
level at the outfall of the supplementary channel. 


5, The cill level should be such that the requisite discharge 
can be drawn from the river into the supplementary 
channel, 


The first consideration demands that the cj]! level to be adopt. 
ed should be as low as possible. The lowest level can be the 
deepest bed level of the river, i.e, R,L. 9201'22, as shown on the 
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i i tion the cill level 
- i er, from the third considera ! 
EGS acco The secoud consideration de- 


ve the low water level. 

ae Ps level should not be much telow the high water 

level, while for drawing the requisite discharge the cill level to be 
adopted may have to be low. 

After a detailed consideration of all these factors, the cill level 

of the off-take has been fixed at R. L. 52120. A Plan and cross- 

section of the head regulator of supplementary channel are given 


in Figs 56 and 57. 


5. The Slove of the Supplementary Channe 

The slope of the country on the left side of the Jhelum river 
varies from 1 in 2,000 to 1 in 4,000 between Dogripura and the 
flood-spill channel to 1in 4.000 near Wular. The water surface 
slope between the head of the supplementary channel and the 
Wular lake during high floods is of the order of 1 in 5,000. In 
designing the slope of the supplementary channel the following 
main consideraticns were kept in view: 


1, Since the: channel is required to transport a large 
quantity of sediment load, the slope of the channel 
should be such that all the detritus load, entering at 
the head of the supplementary channel from the main 
river, should be carried away without allowing the 
deposit to occur in the channel. It has been found 
generally that in such channels sediment deposit occurs 
especially near the head and at the tail end. 

2. The slope adopted should be in conformity with the 
natural slopes of the country as far as possible so that 
no drops or falls have to be constructed. 


3. The slope should be such that cutting and filling. should 
balance as far as possible, ; 


A study of the existing channels in the valley’ was made to find 
out their tehaviour in order to obtain guidance from the results, 
Analysis of bed samples from the river at Dogripura has shown that 
the supplementary channel would be required to transport sediment 
charge of the grade of ‘35 to ‘45 mm. diameter, 


The value of ‘F’ for this Srade of material was determined from 


the relationship f=1'76 /¢@ where f is silt factor and / d the mean 
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Fig. 56—Plan of the Heid Regulator of Supplementary Channel. 
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diametet in mm. No working diagrams connecting various elements 
of design such as the slope and the silt factor are available for a 
discharge of this magnitude. These were roughly obtained by 
extra-polation from the curves, showing the regime slope and 
regime dimensions, prepared by Lacey. These calculations were 
made for discharges of 40,000 cusecs and below upto 20,200 cusecs 
since the supplementary channel may have to run for silting up of 
the low-lying lands even with lower discharges than the maximum 
designed. For a> discharge of 20,000 cusecs in the supplementary 
channel, a slope of 1 in 7,000 for the channel is worked out from 
the Lacey’s diagrams. 


On account of the fact that Lacey’s diagrams do not strictly 
apply to such large channels, the values obtained from these 
curves cannot be rigidly followed. In view of the fact that 
channels, designed with steeper slope than those obtained from 
these diagrams have silted up as in case of flood spill channel 
(designed for a discharging capacity of 17,500 cusecs), the values 
obtained from these for the slope are considered to be too flat. 
There would be a number of occasions on which the supplementary 
channel would be required to run under conditions for which it is 
not designed. During the falling flood stages, the discharge in the 
channel may be even less than 20,000 cusecs, and the silt charge may 
be very heavy, as dozs often happen during these stages. Under 
these conditions a slope much steeper than that indicated above is 
required. The contingency that a steeper slope is required to 
transport the sediment lead, when a sediment deposit has 
occurred in the channel, should also bz provided while fixing the 
slope for the channel. 


In view of all these considerations, a slope of 1 in 6,000 has 
been adopted in the supplementary channel, from its head to its tail 
in the Wular lake. 


6. Dimensions of the Supplementary Channel 


The dimensions of the channel (Fig. 58) were worked out 
roughly from Lacey’s diagrams by extrapolation. Due to variation 
in the grade of the sediment, two values of ‘F’ were taken, i.e, 120 
and 10, Dimensions obtained with both the values of ‘F’ are 
given below: 
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Fig. 59 A—Site Plan of Supplementary Chnnnel from Dogripura to above Muny j Gulbug. 
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Fig. 59 B-Site Plan of Supplementary Channel from Gulbug village to flood spill Channel. 





SUBPLEMENTARY CHANNEL 199 


Regime Dimensions and Slope for F=1'2 


ee a ee ee 








Discharge Bed width Depth | Slope 

20,000 cs, 350 130 1 in 7,000 
30,000 cs. 450 149 "Lin 7,500 
40,000 cs, 520 164 1 in 8,000 


Regime Dimensions & Slope for F=1'0 


eS iy 





Discharge Bed width Depth Slope 
cb SE Rg oh at ae 
20,000 cs, 340 13°9 lin 9,500 
30,000 cs, 440 15°8 1in 10,400 
40,00° cs. ; 510 175 lin 11,c00 


ee 
Since the slope adopted is steeper than that given in the 
Table above, dimensions of the channel should not be greater 
than these ; they may be on the smaller side—Table XXII With 
the cill fixed at R.L. 5212 and the highest flood level of the Jhelum 
river at Dogripura being at R.L. 5225°4, a depth of, about 16 feet 
is made available in the supplementary channel, A bed width of 
460 feet for the supplementary channel has been fixed. To begin 
with a cunnette with 100 feet bed width and a side slope of 1 tol 
is adopted. The depth of the cunnette is five feet and the main 
banks of the supplementary channel are on aslopeof 2tol, Ata 
few points the cunnette is wider on account of natural low 
depressions, The channel dimensions will adjust themselves after 
_ operation. To start with, it may not be possible to run the highest 
discharge in the supplementary channel. As the channel develops, 
discharges should be increased. The cunnette method is adopted 
to economise on the cost. 


7, Alignment of the Supplementary Channel 


A reference to the contour survey plans of the valley on the 
left side of the river from Dogripura to the flood spill channel 
(Figs. 59. A,B,C) indicates that a chain of depressions and low 
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(i) 
(ii) 
ii) 
(i) 
(ii) 
(iii) 


(i) 
(ai) 
(iii) 


(i) 
(ii) 
(iii) 


(ii) 


: Q= 40,000 cs. 
m=0°35 to 0°45 
£=1-76 (m)? 

If m=0°35 m? =059 
m=0'40 m? =0°63 
m=0°45 m? =0°67 

Again £=1:04 for m =0'35 
=111 for m =0°40 
=1°18 for m =0'45 

5/3 
1 f 
Now = ——_ Neal coca Pen 
173838 qilé 
1/6 
Q’ =5'8 
1788 x 5°8=10370 
S = ‘000103 @ 
Ss = ‘000115 (ii). Practically the same 7.e.1=10,030 
Ss = °000127 Gii) 
3 
R= 0-473 = =0°473 x (38461)? 
(fC. 
=0°473 x 33'°8 =15'99 
R =0°473 x 33'0 =15°61 
R =0°473 x 32°4 =15°33 
8 a 
Wp =—37 1 4/0 
! 8 
= Sa x 200 =533'3 
| A =WpxR 
i =533'3 x 15°99 =8527 
=533'3 x 15°61 = 8325 
| =533'3 x 15°33 =8175 
: 40,000 
Velocity =— $501 =4°69) 
40,000" 
=~ 3525 =480 
_ 40, 000 
; =4'89 


a 


8175 


(iii) 
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lly all along the high harewas along the left side 
rage bed level of the depressions is only 


slightly higher than the average bed level Pee Dee aha 
the same cross-section of the valley. These eke fe 
lands form the virtual bed of the channel con enters i 

that flows in the valley outside the river. There exists a ae a 
form of secondary channel with undefined boundaries. ese 
wich slight alterations, form the course of the 
o village Gopipura a short distance 
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lan ds exists practica 
of the valley. The ave 


depressions 
supplementary channel upt 
above Kakpura from where the valley widens out. 


In fixing the alignment, depressions near the karewas were 
preferred over other low lands even though these were not the 
deepest, The channel would stick to the alignment at the foot of 
the harewas. The alignment crosses the Romshi nallah at Manwij 
village at a distance of about one mile from its mouth at Kakpura, 
For a short length from this place the chaanel goes through cutting 
so as to be away from the main river for a distance of at least about 
a mile. Below Khadermuh the supplementary channel takes a 
course through a series of nambals, such as Rakh Khankhana, etc, 
and joins the flood spill channel at about two furlongs from its 
off-take. At this point, the flood spill channel makes a sharp bend 
to the left end, then goes straight for about three-fourth of a 
mile upto Rambagh bridge. Just before the junction of the pro- 
posed supplementary channel with the flood spill channel at this 
bend, the left bank of the flood spill channel would also serve as the 
right embankment of the supplementary channel which shall thus 
have a smooth approach as it drops into the flood spill channel. 
The inlet of the flood spill channel from the Jhelum river above 
Srinagar and its outlet at Parampura shall be closed. 


There is no contour survey plan of the valley below the city 
of Srinagar. For aligning the channel, the only course to be 
adopted was to consult the G. T. Survey Plans, The course was 
tentatively adopted along the line of spill channels. After the 
flood spill channel, the course of the supplementary channel will 
be through Batmallu nambal, Hokarsar Jake and Nowgam jhil 
and then passing through the spill channel, it will enter into 
Miragund jhil. From Miragund jhil the tupplementary channel 
goes to Haigam jhil through low lands and ultimately to Wular 
lake. Advantage will be taken of all the spill channels on the way 


from Batmallu to the Wular, 





ine 
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The alignment of the supplementary channel is shown in 
Fig. 60. The long section of the valley along the alignment of the 
proposed supplementary channel-is given in Fig. 61. The cross- 
sections of the valley, four miles apart and taken Perpendicular to 
the alignment of the channel are shown in Fig.62 A—C. On these 
cross-sections the centre of the supplementary channel has also 
been marked. It will be seen that the supplementary channel 
passes mostly through the deepest points in the valley. 


Originally it was considered that it might be possible to cut 
out large loops at the Lethpura karewa along the shortest course, 
In that case, the supplementary channel was proposed to be 
dropped into the main river at Kakpura, through the last one mile 
length of the Romshi nallah, after widening it. The supplementary 
channel was proposed to take off again from the river near Kandizal 
where the Jhelum river always breaches very heavily. From 
Kandizal the channel was to follow a course through the nambals 
upto the flood spill channel as in the former case. This alignment 
and the long section along it are shown in Figs. 63 and 64 respec- 
tively. Fig. 65 gives the longitudinal section of the reconditioned 
flood spill channel. 


A survey was made of the river and the Lethpura karewa to 
find out if it was possible to divert the river. The survey made is 
given in Fig. 47. After examination it was shown that it was 
not possible to cut off the river bend on account of the high karewa, 
However, by cutting out only the projected spur (long section 
shown in Fig. 46), it may be possible to divert the river in a small 
length. But this would not serve any useful purpose. The scheme 
of diversion was practically given up. Asan alternative to second 
scheme, it was also considered to drop the supplementary channel 
into the river at Kakpura and take it out again at Kandizal. Allow- 
ing the two channels to unite again was considered very undesirable 
since it was feared that the river reach at Lethpura might seriously 
deteriorate on account of deposits of heavy load of sediment brought 
by the supplementary channel. It was most useful for diverting 
sediment from the river at Dogripura but it was not to be thrown 
back again into the river at Kakpura. 


If the supplementary channel was to be allowed to drop into the 
river at Kakpura, then the channel will have to carry practically 
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Fig. 60—Alignment of the Supplementary Channel from its off- 


take from below Dogripura te Wular Lake. 
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Fig. 61—Long Section of Supplementary Channel from its off 
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Fig. 62 A—Cross Sections of the Valley Perpendicular to the 
alignment of Supplementary Channel. 
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Fig, 62 C—Cross sections of the Valley perpendicular the Alignment of ithe 
Supplementary Channel, 
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Fig, 64—Long Section of the Supplementary Channel along the proposed alignment II taking off again from Kandizal Breach. 
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Fig. 65—Long Section of the Flood Spill Channel. 
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clear water. The off-take channel should’ be entirely different 
from the one now adopted, %.¢., from the concave side instead of 


from the convex side, 


After all these considerations, it was decided to adopt the 
alignment of a separate supplementary channel as in scheme I. 
Alternative 1I. Objections may be raised by certain people against 
the huge length of the supplementary channel taking off at 
Dogripura. Ic is admitted that nambals exist actually below 
Kandizal. Naturally, the question arises as to why not take off the 
supplementary channel below Khandizal. Taking off the channel 
at Kandizal, no doubt, reduces the length of the supplementary 
channel. It must, however, be mentioned that very large spill 
takes place from just above Dogripura, which inundates the valley 
and causes heavy damages. All that water will flow along the left 
side of the supplementary channel from Kandizal. If the spills 
from above Kandizal are not controlled, the supplementary 
channel of smaller length taking off from Kandizal, will be of no 
great advantage. It will only give the protection to the city of 
Srinagar and not to the valley.. Therefore, if supplementary 
channel is taken off from Kandizal, bunds on the river, upstream of 
Kandizal, must be realigned, raised and strengthened to. such an 
extent as to enable the river to carry safely the whole of the flood 
discharge without spilling. This inyolves raising of the bunds above 
Kandizal to an approximate height of 10 feet above the high flood 
level of 1950 flood. This will require a heayy expenditure. Besides 
the cost of raising the bunds, there will be a recurring annual 
expenditure on the maintenance of these very high bunds. Top of 
the bunds will be in the neighbqurhgpd of 17 to 18 feet above the 
natural surface. There will be a great danger of breaching of the 
high bunds. Whatever efforts are made, the maintenance cannot 
be so good as to avoid breaches. When such high bunds breach, 
there may be a danger of the riyer-evulsion taking place. Once a 
big reach occurs through these high bunds, the entire ccurse may 
change and then it may become very difficult to divert the river 
back to its original course. The alternative proposals, therefore, 
of taking off the supplementary channel below Kandizal and streng- 
thening of the bund between Sangam and Kandizal is not without 
risk, besides involying the expenditure of large amount of money. 
Alignment of the’ supplementary channel taking off at Kandizal 
with is given in Fig. 66, 
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Fig 66 - Alignment of the Supplementary Channel taking off at Kandizal 
with Bunds strengthened above 
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Cost of constructing the bunds, high enough to prevent spill 
taking place into the valley, above Kandizal has been worked out 
and compared with the cost of making the supplementary channel 


in this reach. 


The design of the new bunds is shown below: 





26-0: 0-0 8 


' The earthwork involved in the construction of bunds in this 
reach comes to about 42 million cu. ft. (Table XXIID), while the 
> earthwork required to be done for the supplementary channel is 
slightly more expensive, the difference is not very great. The risk 


involved is considerably diminished. 


TABLE XXIII 


Earthwork involved in strengthening the existing Bunds 


upto Kakpura according to New Design 
ee a 


Area of Cross Section of the existing Bund 


a x 6=84 square feet, 


Area of Cross section of Proposed 12’ High Bund 


= ee X 12=408 square feet. 


Excess = 408--84=324 square feet, 





192 FLOOD CONTROL IN RASHMIR VALLEY 


Length of Bunds on both sides =86400 x 3/2= 129600 


Earthwork required= 129600X324 
= 42000000 


=42 Million cubic feet. 


Earthwork involved in cutting reaches 0: 
Kakpura R. D. O. to R. D. 50,000. 


or Cuttings. 


its off-take to 


R.D. 0O to 2,000 6’ 


1 

2, B.D. 20,000 to 30,000 3’ 
3, R.D. 30,000 to 38,000 371/52 
4, R.D. 38,000 to 50,000 10’ 


f Supplementary Channel from 


nn 





R. D. eno Area of Cross section Pengdier Cutting 
0 to 5’ 100+110 2 
20,000 Saas SS 20,000 1,05,00,000 cu. ft. 
=105x5=525 sq. ft. 
460 + 464 
Ses OSES = 462 20,000 92,40,000 ,, 
20,000 to = 3” 103 x3 =309 10,000 30,90,000 
30,000 : 2 
30,000 to 3°75’ 103°75 X 3°75 =389 8,000 
Ba tC , 31,12,000 ,, 
38,000 to Si 105 x5=525 
50,000 12,000 63,900,060 ,; 
5 470 x5 = 2,350 12,000 2,32,00,0C0 ,, 


50°44 Million cubic feet. 
Add, 5%. 53 Million cubic feet. 


50'442000 


Ss 


8 The Drainage Crossing the alignment of the Supplementary 


Channel 


‘The alignment of the supplementary channels from its off-take 
to its junction with the flood-spill channel, as it runs along the 
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harewas and depressions to the extreme left of this valley, cuts 
across a number of natural drainage channels that arise either from 
the Rambiara river or from the Pirpanjal range. During the flood— 
the left embankment of the Rambiara river having been raised and 
strengthened—it is expected that -no spill shall take place from 
that side. There are, however, certain kuhls taking off from the 
Rambiara which have developed into large channels that run cross- 
contourwise and join the Jhelum river. One of the important of 
these: kuhls is Bud Ruhl which joins the Jhelum river above its 
junction with Romshi at Kakpura. The bed width of this channel 
is from 20 to 25 feet and it has 10 to 12 feet high banks. 


The real main drainage of this part of the country is the 
Romshi nallah. |The proposed supplementary channel shall pass 
the nallah at Munvij village. The Romshi is a considerable 
stream. At Munvij the depth of this channel is supposed to be 
ten to fifteen feet. To have an estimate of its discharge when it is 
in flood, dimensions of the stream near Pohu bridge. were observed 
during the inspection in September 1952. The bridge has a span of 
50 feet and the depth of flow to the highest watermark during a 
high flood is about 180 feet above the bed. It was estimated that 
the discharge of Romshi may be 10,090 to 12,000 cusecs during a 
high flood. This estimate includes the spill that flows from the 
left bank of the Rambiara and finds its way ints the Romshi. Being 
such a high discharge channel, the Romshi nallah cannot therefore, 
be passed through a syphon across the supplementary channel 
into the Jhelum river. The only other alternative is to drop it 
into the supplementary channel. The supplementary channel is 
undoubtedly a high level channel ; and, when during the flood it is 
in operation, it will cause afflux in the Romshi nallah. How far this 
heading up will take place has got to be investigated so that steps 
are taken to take care of this fact. 


The only adverse effect of the diversion of the Roshni into the 
supplementary channel ‘shall be that on the boat traffic, which at 
present takes place for two-to three miles upstream from its 
mouth at Kakpura. It is -however,- very meagre and only small 
boats ply. - 


From Munvij to its junction with the flood-spill channel above 
Rambagh, there is no big nallah that falls across the alignment of 


the supplementary channel, Next come the Dudhganga and the 
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rain the Pirpanjals and flow into the 
Iley to the left of the river. These 
ions of the Ferozepur nallah and 
£ the valley, shall join the supple- 
se along the present course of 
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Sukhnag rivers which d 
Jhelum river across the va 
rivers along with many bifurcat 
other small drainage channels o 


mentary channel as it ta kes a cour ee 
the flood-spill channel from Rambagh to the Haigam jhil. Itis 


but logical that in its present capacity as the left creek of the 
y channel should receive into it all 


Jhelum river, the supplementar Ineo IE 
Lists of the drainages, irrigation 


the affluents of the main river. 
buhls, etc., bridges, roads and tracks and the nambals that fall 


across the alignment of the supplementary channel from its off- 
take to its junction with the Wular lake are given in Tables XXIV, 


XXV and XXVI. 


Course of the Supplementary Channel through the Nambals and 


Lakes—Reclamation 


This is a very important point and has been thoroughly 


examined. There are two courses, either to make a full channel 
through the nambals and then silt them up by diverting the 
channel into the depressions and low land on the side of the channel 
by making compartments in them and taking up these compart- | 
ments one by one for silt deposition; or end the channel at the 
upstream end of the nambals into a low point and extend it 


gradually as it silts up the nambals. 


In the first case a channel throughout the entire length of the 
nambals has to be made. This requires construction of high banks 
involving huge earthwork. There is no place to obtain the earth 
for this purpose, all around there being very low land. 


Besides compartments, extensive masonry inlets into the 
supplementary channel shall have to be constructed. Considerable 
experience gained on the Punjab Canals in silting up low lands on 
the sides of the canals by this method is available. Huge marshes 
and low land area, such as at Chhalundi, Munak and Indri, 
comprising a total area of about 4000 acres, on the Western Jumna 
Canal has been systematically silted up and reclaimed for culti- 
vation. Originally these areas were much below the bed of the 

canal but ultimately these silted up toa level about one to two 
feet below the full supply water level of the canal. As the area 
was very large, the inlet had to be shifted downstream after the 
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upstream compartments were silted up, or, more than one inlets 
had to be provided. The outlet level into the canal from the 
silting tank had to be gradually raised as the silting up of the area 
progressed. This is to avoid washing away of the deposit of 
sediment in the low land near the mouth of the outlet. The 
whole operation extended over a long period of eight to ten years 
and worked very satisfactorily. Following the success obtained 
on the silting up of low land in the Western Jumna Canal, the 


experiments were repeated on the Upper Bari Doab Canal at 
Bughial and Sirkian. 


Technique of Silt Deposition in Nambals 


However, there is a considerable difference between the con- 
ditions on the canals, howsoever large these may be, and the 
supplementary channel. It is impossible to make continuous 
channel through lakes and Jhils such as Hokarsar and others. 
The supplementary channel should be ended into the lakes at the 
upstream end. At the mouth of the channel there would be 


silting up. To avoid this, the channel should fan out as shown in 
the sketch below. 


SUPPLEMENTARY 


no_NAMBAL Jf CHANNEL 









euno_ARS 






KO —\cHANNEL INLET 
LOW-LYING LAND 
OR 


NAMBAL 


CHANNEL. OUTLET 


Each year after the summer season, the channel should be 
extended into the lake. With the sediment brought by the 
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196 TABLE 
A list of Natural Drainages and Irrigation 
Supplementary 
| Name and Description R.D. ees | ted tevel | Drainage 
ee Drainage or 5) Chane Maximum Average 
si “i Irrigation Channel at Centre 
AE i tie Coy loans oe eee ae ee 
od 72 8 : 2 
SS ee 
1 Irrigation Kuhl 7000 5215°28 5215°45 
7 225'0 
a Irrigation Kuhl 11570 52250 5: 
3 Drainage Kuhl 22105 5210°0 5210°0 
4 Drainage Kuhl 22305 5208°03 5208'03 
P Drainage Kuhl 30995 521750 5217°50 
6. Drainage Channel 32205 - 5214°95 5214°95 
Uh Drainage Kuhl 33385 5212°09 5212°30 
8. Drainage Channel 34915 5207°40 5207°40 
9. Bhander Pora Nallah 35870 5203°00 5203°00 
10. Nallah 36960 5202°00 5224'00 
11. Zemindari Minor 39420 5215°00 5215°00 
12. Old course of Nallah 39970 ~ 5205°00 5206'00 
13. Romshi Nallah 41010 5196°15 5198°18 
14, Zamindari Minor 43485- 5210°0 5210°00 
1. Lati Minor ; 50025 52020 * — 5205°00 
16. Lati Minor 52255 5204'0 52060 
17. Irrigation 50640 5210°0 5211°70 
18, Irrigation Minor . 50880 5212°0 5212°0 
19. Irrigation Minor 54005 52130 52150 
2U. Irrigation Minor 54525 5211°0 5211°0 


ee 





J 





No. XXIV 
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Channels Crossing the Alignment of the Proposed 


Channels 


aE sn 


Bed level 
of 
S. Channel 


5210'98 
5210°22 
5208°46 
5208°43 
5206°98 
5206°78 


5205°30 


5206°33 


5206717 


5205°99 


5205°E8 
5205°49 
5203°31 


5204°90 
5203'81 
5203°77 
£203°71 


5203°67 
5203°16 


5203°06 





Approximate 
width of 
Drainage 

7 
50 feet 
58 feet 
10 feet 
10 feet 
10 feet 
10 feet 


30 feet at the top and 
10 feet at the bottom. 


10 feet 


50 feet at top and 
20 feet at the bottom. 


30 feet to 20 feet 


20 feet 


40 feet at the top 
average 30 feet. 


120 feet at the top and 
25 feet at L.W.I. 


10 feet 
40 feet average 30 feet 
30 feet 


67 feet at the top and 
20 feet at the bottom. 


25 feet 
10 feet 


10 feet 


Natural 
Surface 
Level 


521714 
5226°45 
5211'58 
5210°62 
5219°25 
521616 


5213°03 


5209°41. 


5206°86 


520900 


521615 


5214°20 
5214°20 


521113 
521500 
5215°00 
521433 


5214°46 
5216°25 


521215 


Remarks 


Bunds are 4 to 5 feet 
higber than the natural 
surface. 


Situated at the centre 
of high land. 
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TABLE. 
eo ge ea EP eo SS 
1 2 3 4 5 
54965 5210°60 5210'60 





al. Irrigation Minor 
56915 5206'2 5206°2 


Irrigation Minor 


22. 
23. Irrigation Minor 58845 5205°1 5205°1 
sak. Seetgatdon Minos 50905 52080 5208'0 
25. Irrigation Minor 65835 5221°95 5221°95 
25, Trilkhun Minor 66930 5217°0 5217°0 
oF: Zamindari Minor 67467 5224°90 5224'°90 
ie vigendaci Naner 68528 5219°90 5219°S0 
29, Zamindari Minor 71450 5226°70 5226°70 
30. Paiaae Minor 72416 5225°80 5225°€0 
31. Zamindari Minor 86535 5203°80 5203°80 
32. Irrigation Minor 98207 5200°95 5200°95 
33, Irrigation Minor 102828 5207°40 5207°40 
34. Gung Bug Nallah 11837 5195°20 5196'0 
35, Gung Bug Nallah 123740 5194'80 5295'50 
36, Sukhnag Nallah 141900 
37. Syphon of Sumbal Canal 143940 
38. Arampur Nallah 162312 5179°0 5179'0 
39, Kannibam Nallah 200680 5166°16 
40, Wisikhan Nallah 203500 5166°47 


ES : 
- " — eS 


SUPPLEMENTARY CHANNEL 199 


No. XXI V—contd. 








—————— — “4: 


6 af 8 9 

5202°99 10 feet 5211°90 

5202°66 8 feet 5207°13 

5202'34 10 feet 5206'24 

5202°00 10 feet 5209°16 

5101°19 8 feet Bounded by a bund on 

the right side. 

| 5100°98 10 feet 5221°70 

5100°90 5 feet 5223°78 Bounded by bunds on 

both sides 

5100°73 6 feet -do- 

5100°24 3 feet 5226°00 -do- 

5100°08 8 feet -do- 

5197°74 8 feet 5205°70 

5195°78 10 feet 5902712 

519501 «12 feet 5208'51 

519239 30 feet at the top and 5199°77 

30 feet at the bottom 
5191°52 30 feet at the top 519500 Bounded by about 7 feet 
high bunds on both sides. 

5183'50 

518816 5163°0 

5185°10 25 feet 5285°10 

5178°70 

5178'23 


Pare iene Ua eee ee eS 
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TABLE 
A list of Roads, Tracks and Footpaths Crossing the alignment 
R.D. of the 
S.No. Name of the Crossing ; Se gs 
Channel 
1. Footpath to Datipora 2594 
2. Village road Reskipura to Dogripura 3200 © 
3. Village road to Watalpura Shopian 11800 
4. Village road to Pulwama 13680 
5, Avantipur Pulwama Road 21980 
6. Village Road 30970 
7, Road to Goripora 36300 
8. Road to Ratanpora 36380 
9. Road 36945 
10. Road Srinagar Pulwama 46328 
ll. Village Road 49650 
12, Village Road 55110 
13. ‘Village Road 55230 
14. Village Road 62630 
15. Village Road : 65400 
16. Road crossing ‘ ; 71078 
17. Village Road crossing : 73419 
, 18. " Village Road crossing 76219 
19. Village Road 
20. Village Road Oe 
21. Village Road ag 
22. Village Road ae 
23. Village Road oe 
24. Village Road ; eee 
25. Rambagh Bridge eas 
26. Alichibagh Bridge we 
27. Srinagar Bimina Road Sen 
28. Bridge at Narbal zi 
29. Singhpore Bridge ae 
166700 


30. Naidkhai Bridge 
Bue 206944 





ee ee 


ciate 3 











No. XXV 
of the Proposed Supplementary Channel 


Road or 
Track 
level 
5220°69 
521837 
5227°98 
5217°42 
5213'80 
5219°00 
5207°41 
5207°41 
5213°00 
5212°50 
521200 
5212°16 
5211°90 
5212°70 
5220°72 
5229°80 
5228740 
5213°35 
5212°20 
5209°00 
5208 20 
5213°10 
5206°36 
5208°51 


5200°00 


Bed level 


of the 
Supple- 
mentary 
Channel 
521172 
5211°61 
5210'18 
5209°87 
5208°48 
5206°99 


5206°08 
5205 99 
5204 43 
5203'87 
5202°96 
5202°94 
5201°71 
5201°25 
5200°30 


5199°91 
5199'44 


5199°17 
5198°97 
519397 
5197°96 
5195°38 
5195°01 
5194°46 
5193°75 
5192'03 
5188.06 
5187°36 
——~ 517766 
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Remarks 





Formation level coincides with N.S. 
—do— 
=do= 
Situated on the ridge 100 ft. wide having top R.L. 5217. 
Situated on a high land about 190 ft. wide having average 
top R. L. 5213 (N. S. of the country 5211°80) 
Situated on the high land. 
N. S. coincides with formation level. 
N, S. coincides with formation level. 
Road is about 4 ft. higher than N. S. 
Road is 16 ft. wide at the top and is about 2°5 ft. higher 
than N.S. 

20 fc. wide road between two to 10 ft. high pise walls. 
N. S. level coincides with formation level. 

=do=4 

ees 

=do—= 

=dJo— 

Soe 
N. S. level coincides with formation level. 

—do— 


Road is 1 ft. higher than the natural surface. 


N. S. level coincides with road level. 
Rohs 
= dose 
Top level cannot be ascertained from the longitudinal 
Section. 
Situated on the high ground. 
N, S. level 5182°45 
Bed level 5186°07 
- Bed level 516462 : 
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supplementary channel, ultimately the whole length of the channel 
can be made in this way through the namibals. 


For the reclamation of nambals, it is necessary to construct 
bunds along their poriphery. The height of the bunds has been 
worked out. Assuming the water surface slope as 1 in 6,000 and 
a maximum depth of about 19’ in the supplementary channel at the 
time of high flood, the average maximum water levels in the 
Batmallu nambal and Miragund lake areas works out roughly to 
be R. L. 5207 and R. L. 5201 respectively. With 2 feet free board, 
the top R. L. of the bunds round these nambals must be 5209 and 
5203 respectively. As there are already bunds existing round the 
nambals which are of the order of three to four feet higher from 
the natural surface, the raising of these bunds will not be more 
than four to five feet. 


Sediment Charge in the Jhelum River near the off-take Point and in 
the Supplementary Channel 


In order to determine the rate of silting of low lands and lakes 
in the valley, it is very necessary to know the sediment charge of 
the river and that which will be carried by the supplementary 
channel. No observations for sediment charge in the main, river 

- or its tributaries have been made. No.attempt has ever been ‘thde 
to determine this theoretically. Therefore, there is no information 
whatsoever, on the charge of sedimentary material in suspension OF 
in traction on the bed during any stage of the rivér. An attempt 
has been made to calculate theoretically the bed ldad in the river. 


Bed Load Estimation 


The power of a flowing stream to entrain and transport solids of 
various sizes and density remains even after sucha long period of 
investigation, a phenomenon for which i enerally recognised lawa 
have been made. The results obtained by the different investigae 
tors are at great variance from one another. Karl Gilbert’, Krey*s 
Schochlitsch®, Kalinske*, and Vanoni®, have made javaluable contri- 
butions on this subject. The latest approach to the problem is that 
of Hans Albert Einstein’. Both from the laboratory studies and 
theoretical analysis, he had arrived at certain formule for estimat- 
ing the bed.load of a stream. He has worked out a relationship 


between the rate of transport of bed-material-load and its size- 
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Pp © in 
com $1010. d 00 disc I e case of a channel 

1on an the fl d ha ‘ge In th a 
10. 


Th I i Ss been divided into 
ili ium e€ resulting equilibrium ha 
equilibri . 


two parts. 


i ight is 
i i ll particles, whose wei 
2diment load includes a ae 
ae, by the fluid flow and which has been a to ae hae 
et ithi i diameters above the 
i ing within a height, two 
nee of the bed-material load in a is 
seen by the commonly accepted method based on the ex- 
change theory of turbulent flow. 


The bed load includes all particles moving in the bed oe 
which is two diameters thick, along the bed. The weight ofa 
Particles in this layer is supported by the bed as they are rolling or 
sliding along. On the basis of this definition the thickness of the 
bed layer varies according to grain sizes of a sediment mixture, 


This method of calculation does not apply to the determination 
of the total quantities of load transported by a stream, In the case 
of alluvial streams, however, the method can be used for estimation 
of load in suspension and that in traction in the bed layer only, 

Curves showing the empirical relationships of the following 
were prepared by the author. 


(i) Friction “U” due to channel irregularities, 
(ii) Settling velocity Vs for various s 
according to Robey. 
(iti) Pressure reduction in sub-layer, 


(iv) Pressure correction in the transition to a smooth bed, 


These are utilized for calculating the various elements, The 
method is not a Perfect one, but in the absence of any better 
method available, this method has been utilized by the writer for 
the estimation of bed-load of Tivers in Kashmir, 

The bed-materia 
channels : 


izes of quartz Strains 


load has been calculated for the following 


(i) Jhelum river at Sangam. 


(Gi) Proposed Supplementary channe 


I in its head reach, 
(itt) Pohry tiver at Suil, 


(i) Shelum River at Sangam 

The reach from mile No, 12/1 to mile 
been selecte j for the estimation of the bed 
or l2ss a uniform channel with uniform flo 


No, 15/1 near Sangam has 


material load, It is more 
Ww. 


' 


ss 7 — ee ee ee 
a 


a 
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—Cross Section of Jhelum River at Mile 12/1 to 15/1 in the same Plane. 


Fig, 67 
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Six cross-sections at mile Nos. 12/1, 12/3, 13/1, 13/3, 14/2 and 15/1 


‘i i The cross 
were selected and plotted on the same plan in Fig. 67. : 
vations and the irrespective wette 


506 


i reas under Tl S ele 
sectional areas u de var1ou : : 
ivi i i 3 . 5 reas O 
perimeters for the individual sections are given in Fig 68 A f 


cross-section are tabulated in Table XX VII-A. 


The elevation values against a low water level area, taken as 
2,000 sq. ft. in this case, have been interpolated from each of the area 
stage curves of Fig. 68. These elevations as given in statement 
No. XXVII B are plotted against the various sites of cross sections. 
A ‘smooth curve (Fig. 69) has then been drawn which represents 


the average slope of 000011. 


The area-stage curves (Fig: 69) are then moved to the plane of 
section at the downstream end of the reach, i, e., at mile No. 15/1 
by lowering all the elevation values by an amount equal to SsX Lx 
where Ss is the slope determined from Fig. 69 and Lx is the distance 
of the cross-section from the downstream end of the reach measured 
along the stream axis. These lowered values of various elevations 
are given in Table XXVIII and are plotted against their corres- 
ponding area values.: An:intermediate line is drawn which repre- 
sents the average area-stage curve as shown in Fig. 70. Similarly, 
an average curve for the wetted perimeter: has also been drawn in 
Fig. 71. Anaverage curve for the H.M.R. values has also been 
drawn in Fig. 72. Statement XXIX-A shows calculated values of 
the H. M. R. from average area-and Pw curves, 


TABLE xXx VIIA 
Areas of Cross Sections Against Various Elevations 


for the Jhelum River near Sangam 


Cross Séctional 


Elevation 
. Area Elevation 


Remarks 











Cross ae 


Area 
a0 1050 5208 1440 
5210 2010 5210 2415 
5215 4620 5215 5580 
5520 «7410 5220 8565 
52257 10125 5225 12360 


5230 13050 9230 15645 
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TABLE XXVIII A—Conid, 
FR ee er EE Ga Ee ee 














Elevation Crarpecnenp! Wlevation Grose Seine Remarks 
nnn eco yrcrr e 
Mile No. 13/1 Mile No. 13/3 
5207 900 5207 1140 
5210 2115 5210 2685 
e = 5215 4200 5215 5475 
5220 6675 5220 18280 
5225 9375 5225 11700 
5230 12210 5230 14910 
Mile No, 14/2 Mile No. 15/1 
5208 1425 5206 1185 
5210 2355 5210 3855 
5215 4500 5215 6340 
5220 7005 5220 10305 
5225 9795 5225 13695 
5230 12810 5230 "17610 


Cee ee ea Le 
TABLE XXVIII B 
Interpolated Elevations for a Low-water-level 


Area of 2,000 sq. ft. 


TT | 








Mile No. Elevations Remarks 





12/1 5209°8 Value of Slope (S) 
as worked out from the 
slope curve. 





| 12/3 5200°2 $=0°000110 
13/1 52097 

r 13/3 - —-5208'8 or 1 in 9090 

| 14/2 5209'5 [ S= 0'010,488 


15/1 : 5207°3 





bo8 


S. No. 


1 
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TABLE XXVIII 


, ta 
Calculation for Average Area and Wetted Perimete 
es for the Jhelum River near Sangam 








Curvy 
aa geet © | aeeeen< | Renae 
Sectional Elevation lowered by Value (P, 
Area (L, x8.) 
Mile No, 12/1 (L, =15,000) . 
2050 5208 1°65 5206'35 500 
2010 10 oe “4 8°35 510 
4620 15 a 13°35 532 
7410 20 i 18°35 550 
10125 25 oe 23°35 567 
13050 30 55 28°35 583 
Mile No. 12/3. (Ly, = 12,500) 
1440 5208 14 5206°6 562 ~ 
2415 10 % : 86 575 ) 
5580 5 > 13°6 664 
8565 20 “s 18°6 710 
12360 25 « 23°6 ae 
15645 30 * 28° 772 
Mile No. 13/1 (L. =10,000) 
ou 5207 110 5205-9 365 
2115 10 2 8:9 a : 
4200 5° : i ee | 
6675 20 < an eo 
9375 285 s a9 a 


“ ” 28'9 572 





is) 


1140 
2685 
5475 
2280 
11700 


14910 


1425 
2355 
4500 
7005 
9795 


12810 


1185 
3855 
6840 
10305 
13695 


17610 
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Mile No. 13/3. (L, =7.500) 


5207 


10 


15 


20 


25 


30 


08 


Mile No. 14/2 (L, = 3,750) 


5208 


10 


15 


20 


25 


30 


04 


Mile No, 15/1 (Ly =0) 


5206 


10 


15 


20 


25 


30 


30°0 


5206°2 


OF2 


14°2 


5207°6 


9°6 


14°6 


19°6 


24°6 


29°6 


5206'0 


10°0 


15'0 


20°0 


25°0 


782 


503 


536 


561 


619 - 


651 


671 


373 


383 


420 


459 


556 


566 


598 


618 


662 


689 


772 


610 
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Fig. 68— Area Stage Curves for the Jhelum River near Sangam. 
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Fic. 69—Average Slope Curve for the Jhelum River near Sangam. 
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70—Area Stage Curves for Sections at Mile No. 12/1 to 15/1 lowered to the Plane of the Section at 
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TABLE XXIX A 


Calculations of Hydraulic Mean Radius from 


Average Area and Wetted Perimeter Curves 




















Interpolated Interpolatad 
values ah values 
Eleva- Calcula- | Eleva- Calculated 
tion /ted tion HMR. 
Area of | Wetted H.MR. Area of P 

[cseetion Perimeter X-section sf 
5206 975 485 2°01 18: 7400 - 581 12°74 
8 2000 502 3°98 20 8575 597 14°36 
10 3025 518 5°84 22 9700 613 15°82 
12 4075 534 763 24 10900 627 17:38 
14 5175 550 9°41 26 12050 642 18°77 
16 6260 565 11 09 28 13400 - 658 20°37 
30 15100 ° 673 22°44 


(i 


» 


Six samples of the bed material of the tiver near Sangam have 
been analysed. The distribution of various fractions of different 
grain sizes of which the river bed is composed of is given in 
Table XXIX B. The average percentages by weight against their 
corresponding average diameter are given in Table XXIX C. The 
average diameter has been taken-as the geometric mean between the 
two extremes. Then an average sediment curve has been plotted 
with diameters of grains as. the abscissae and the summation percen- 
tages by weight as the ordinates Fig. 73. The Das and Des values 
(i. e., diameter, the percentages below which is 35 or 65 respec- 
tively) are equal to 0.365 and 0.527 mm., corresponding to 0.00120 
and 0.00173 feet respectively. 
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ig. 73—Average Sediment Curve for the Jhelum River near Sangam 











SUPPLEMENTARY CHANNEL 217 
TABLE XXIX B 
Distribution of Grain Sizes in Bed Samples of 


River J helum near Sangam 








Samples taken at the sites 








Shoal silt} Shoal Shoal Shoal Below | Average 


near near near near Junction 

Size in | Sangam | Sangam Sangam | Sangam Sangam of the 

mm. Gauge gauge gauge Rambiara 

crest crest crest an 
(under- No.1 No. 2 Vishau 
neath) at 
Naiyun 
Below 

Ol mm. 05 08 1.5 15 12 10 11 
0'1—0°2 05 674 110 180 83 17 61 
0'2—0°3 13 14:2 24°7 150 19°3 10°9 14°2 
0°3—0°4 29) avi 22'3 21'7 310 246 20'5 
0°4—0'5 5'7 23°0 15°2 20°5 22°9 25°4 18'8 
0'5—0°6 8'6 18°6 65 150 83 181 12'5 
0°6—1°0 41:9 14°4 12°3 160 6'8 15'9 179 
VO—1'5 221 1°25 59 2°0 153) 20 58 
15—2'0 10-3 0°25 06 03 04 0°4 20 
2°0—3'0 62 _ — — — — 10 
3'0—4°0 02 _ — — — = — 
above 4°0 04 _— — = — _— O1 


ne 


TOTAL 1000 1000 1000 100°0 100°0 100°0 100°0 


POT Riser ee Base roa ee 


TABLE XXIX Cc 
} Material 
Abstract Showing Results of Analysis of Bed 
5 


of the.dhelum River near Sangam 


oT ee oye 








Dia. in min. Dia. in Ft. Remarks 
ize i Percentage 1s 
Parag | by weigot | Ca 
yee = —_ 1 foot=305 mm, 
01 mm 11 
0°1—0°3 . 20'3 0°173 0°00057 
0'3—0°6 51°8 0°424 0°00139 
06—1°0 17'9 0°774 0°00254 
10-20 78 14140 0°00464 
aboye 2.0 11 — pass 
D 35 = 0365 0°00120 
D 65 - 0°527 0°00173 


re 


To start with, the hydraulic radius with respect to the grain 
(R,’) has been assumed to be equal to one foot. Next, two more 
values, viz, 2.0 feet and 40’ have been given to R,. The correspon- 
ding R,” values, i.e., the hydraulic radii with respect to the channel] 
irregularities have been calculated as 11.36, 16.36 and 18.62 feet 


respectively. The total hydraulic radius values (R, 
12.36, 18.35 and 22.62 feet, 


and discharges work out to b 


) thus come to 
The corresponding velocities of flow 


2 1.37, 2.10 and 3.14 feet Per second and 
9795, 21,455 and 48,011 cusecs Tespectively. The total sediment 


load moving in the CtOss sections in tons per day and acre feet per 
day GTQT) for the three discharges (Q) work out to be as below: 


Discharges | Q iTQT(Tons per Acre feet 
day) per day 
a 24,465 208°983 0°159 
ili 48,011 


2185°420 1°123 
Ar abstract of the calculat; ivi 


§ values worked out f 
various perimeters js given in - 


Statement No. XXX, 


RR 
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Bs, 


With the proposals of flood control advocated in the scheme, 
viz,, the construction of supplementary channel from below 
Dogripura, the Shivpore and Pampore cut-offs and the Gagarzoo, 


Anchar cut having been adopted, any flood of the highest intensity 
known so far, shall pass the city with safety. However, to cover 


the risk to the city from an unprecedented flood, the measure may 
be taken in hand. It is considered that using the Dal lake occasion- 
ally in the case of emergency for reducing the intensity of flood, 
would not bring about any material sedimentation of the lake. 


' Measures © ; fo 


The bank on either side of the Sonti kuhl should be raised 
and brought to proper section and carefully maintained. 


The bund between the Sonti kuhl and the Dal near Dal Gate 
be provided with a spill weir, 250 feet inlength. As soon as the 
level in the Jhelum river and consequently in the Sonti kuhl touches 
a certain level, the water would spill into the Dal which should 
have been drained to a low level previously. 


It may be presumed that five thousand cusecs of discharge, over 
and above the safe capacity of the river, is passing the river in 
Srinagar. To divert this discharge into the Dal lake over the broad 
crested spill weir, a head of 40 feet approximately would be 
required as shown below :— 


3/2 
Q =3'09 x L x (H) | 


|2 


5000 =3'09 x 200 x ()” 
keeping the length of the waterway inthe weir 
equal to 200 feet, 50’ being taken by 24 piers of 
2 feet thickness each. 

H =40 


The top of the spill weir separating the Dal and the Sonti kuhl 
may be kept at 40 feet below the highest level permissible in the 
Sonti kuhl, A plan and section of the spill weir is given in Fig. 7, 
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CHAPTER SIXTEEN 


SOIL .CONSERVATION IN THE 
CATCHMENTS OF THE JHELUM 
RIVER AND ITS TRIBUTARIES 


Context of the Problem 


Most of the problems of flood control in the ultimate analysis 
reduce themselves to those of sediment control. In the cas2 of the 
Jhelum river the main drainage Channel of the Kashmir Valley, 
the head-waters of the river and its numerous tributaries, both 
upstream and downstream.of the Wular Lake, bring huge quanti- 
ties of the ‘coarse sediment which the river is unable to transport 
efficiently. Consequently, cross-bars have formed in the main 
river at the confluence of the tributaries, the bed of the river is 
constantly rising and the shoals are growing. The deterioration of 
main river channel is responsible for higher flood heights and more 
extensive spills over the bunds into the valley. Throughout in the 
past, bunds have been raised to confine the new flood heights 
within the levees. The race between the rise in the river bed 
due to excessive silt deposition in the river and the raising of bunds 
further is going on endlessly. 


In’ the scheme of flood control, drainage and reclamation in 
the Kashmir Valley advocated in this report, the sediment 
distribution in the various tributaries and the most suitableand 
profitable mode of disposal of the excess of sediment that other- 
wise tends to choke the natural drainage system of the valley 
has been given great consideration. The tributaries joining the 
Jhelum river from the left above the Wular lake like the Romshi, 
the Dudhganga, the Sukhnag and the Ferozepur nallah, which 
bring sediment into the river from their catchment areas have 
been made to join the supplementary channel—a high discharge 
flood-way with a slope steep enough to ensure the transportation 
of the grade of sediment brought by these tributaries. Almost 
the whole of the sediment carried by the supplementary channel 
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mation of the nambals, jhils, 


gh which the supplementary 
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shall be utilized in the recla 
lakes and other depressions throu 


channel passes. : 
The Pohru river and the Ningle alah which at present Join 

the outfall from the Wular lake and have deposited heavy and 
utfall channel, have been 


coarse sediment bars across the o 
Jhil and the Wular lake respectively. 


diverted to the Heigam s 
Thus the outfall channel has been. made to get rid of the sediment 
f its deterioration has 


brought by these rivers and a great cause 0 
been removed. The deposition of sediment from the Pohru and 
the Ningle shall reclaim the lake and the jail into which they 


een diverted. The hill torrents below and above Baramulla 


have b 
and into the outfall 


which bring heavy boulders, shingle and s 
channel and block its passage considerably, have been proposed to 


be stabilized, so that coarse sediment which the outfall channel 


is unable to transport may not enter the channel. 


All the proposals, briefly enumerated above, aim at a suitable 
disposal of the sediment away from the main drainage of the 
valley—the Jhelum river above and below the Wular ake. The 
perinanent and the most effective solution of the problem of sedi- 
m2nt control in the drainage channels in the Kashmir Valley lies, 
however, in the control of erosion in the catchment areas of the 
Jhelum river and its tributaries. A well planned and long range 
programme of soil conservation in the catchments of different 
Neds and nallahs in the valley is very essential. It may be 
Pointed out that the work of soil conservation in the Kashmir 
Valley is too big and varied in character to be undertaken b 
single ‘department. Therefore; a Board of Soil Gms. 
consisting of a soil scientist, an agronomist, agriculturist and 
an irrigation engineer under the chairmanship of the Chief Conser. 
vator of Forests may be established. ; 


In the context of the problem of flood control in thé Kashmi 
Valley, erosion of land caused by water plays the main he ae 
a or level lands, rain water gets absorbed or remains = i 
ae ace as ponds. On the sloping lands, naked or beari é 
tation and forests, the unabsorbed water is lost as ee 
the surface, It is this runoff water that carries away ee 

causes erosion. A few definitions of various phases of ae 
eves below Ty @S Of erosion are 
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Definitions 
1, Sheet Erosion 


As water passes over a smooth slope and flows along in a 
sheet of almost uniform depth, it removes, more or less, uniform 
thickness of soil from the surface of the slope. This is termed 
sheet erosion. 


2. Rill Washing or Shoestring Gullies 


Sheet erosion leads to other forms of erosion unless preventive 
measures are adopted. Tiny gullies, a few inches in depth and 
width, frequently develop on the unprotected slopes of recently 
cultivated soils, These gullies are referred to as rill washing or 
shoestring gullies and, if neglected, grow into large gullies. 


3. Gully Erosion 


Gullies are formed in sloping cultivated fields by concentration 
of water, often asaresult of accidents or errors in management. 
Any depression such as an open furrow, depression between the 
rows of crops, a wheel track, a mule path, a mole run, a wood chuck, 
in fact any depression, however, slight, down a slope may lead to 
the beginning of a gully. Gullying generally follows the loss of 
surface soil through sheet erosion. 


4, Waterfall Erosion 


Water causing sheet erosion in flowing down over a slope may 
cut a hole in an unprotected spot. Such a hole often becomes a 
waterfall. As water flows over the face of the fall, it tends to 
undercut its base and the top soil falls in. In time, the waterfall 
eats its wayup the slope and forms a gully of considerable size 
unless the waterfall is brought under control in the early stages. 


5, Landslide or Slip Erosions 


Streams and nallahs especially at flood stages often undercut 
their banks particularly on curves. Thus the slope of the cliff-like 
bank of the stream may be left steeper than the angle of rest, when 
wet, although in dry weather the bank is perfectly stable. Aftera 
rainfall, such banks become saturated and land-slides occur. High- 
way cuts sometimes are left too steep for stability in a wet condi- 
tion and suffer frequent land-slides. These small land-slides provide 
nuclei for gully formation, 
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SoIL CONSERVAT 


Principles 
es of soil conservation are : 


ontinuous blanket of vegetation 


flowing over it; 


The general principl 


J. Maintenance of a ¢ 
between soil and the water 


2. Good farming practices ; 
3. Reducing the quantity and velocity of water in the 
gullies by means of diversion ditches and terraces; and 


4, Paving the waterways Or erecting control structures 


like check dams across them. 


Measures 
Many phases and variations of these general principles are 


employed in the control of sheet erosion, gullying and erosion on 
public highways. It may be pointed out, however, that specific 
method depending upon specific set of conditions peculiar to a 
situation has got to be employed at different places. . For this 
purpose of treatment the control measures have been classified in 


the following order : 


1. Afforestation of the higher and steeper slopes ; 
Treatment of the erosive meadows and pastures ; 


Good farming practice on sloping cultivable land; 


Be ees SINS) 


Control and elimination of gullies: and 


5. Control of erosion on public highways. 


1, Afforestation of the Higher and Steeper Slopes 


Forests cover the watersheds and the soil is protected by the 
trees and the litter covering the forest floor. The rainwater after 
its force of impact has been broken up soaks into the loose soil 
Some of it is supplied to the vegetation, while most of it goes to th 
ground water supply, later to feed the springs or to go 
stream. If the rains are exceptionally prolonged and h Bee 
as ‘ Ae does occur but runoff from timbered ae oe 

very little szdim2nt, So, reclothing of 
tive hills with prodyctive forests is iviable ee 
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While planting forests, trees should be placed in furrows, run 

on contours. Furrow planting has advantage from the point of 
view of moisture supply for the trees. Before the trees grow up, 
the most erosive lands may suffer the-loss of much additional soil, 
Various means of reducing runoff have to be employed during this 
critical period. . Quick growing grasses adapted to the area and 
climate may be sown in these areas. Annual and biennial Srasses 
that reseed themselves produce the best results. Legume grass 


mixtures are also very suitable as they fix nitrogen which is very 
much needed for growth in eroded soil. 


Legume trees, such as black Iccusts (Robania Pseudo Acacia), 
are very well known for making rapid growth on unproductive 
soils. Some soil protection against erosion by means of a light 
covering of straw, pine needles, cane or other decay resisting 
material is desirable. Once erosion is under control, the locust 
may be cut down and other species planted if other trees like 
conifers are more valuable or more desirable. 


2. Treatment of the Erosive Meadows and Pastures by Wild or 
Cultivated Grasses Sown on less Steeper Slopes below the Forest 
Belt 


The beating rain as well as Rowing water cannot reach the soil 
under grasses which form a protective layer of organic matter. 
The blades and stems of the grasses conduct the water into the soil 
while unabsorbed water runs off clear and sediment-free into the 
streams below. As the runoff is checked by the mass of fibrous 
roots, erosion is reduced. As in the case of the forest, very propi- 
tious conditions could be created by seeding large share of 
cultivated grasses and legumes for hays and pastures. The actual 
varieties of grasses and legumes, annual, biennial or perennial, 
which grow naturally in the climate and soil in different parts of 
Kashmir Valley, would be most suitable for growing in these 
meadows and pastures. A few seed mixtures, that might be suit- 
able for the purpose, are given in Table XXXIII. They should be 
suitable both as a feed and for conservation of both water and soil. 
The selection of seed mixtures, the fertilizers and the rotation of 
crops in tkese meadows and :pastures may be done by the 
Conservator of Forest, Kashmir. 
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ping Cultivable Land 


3. Good Farming Practices on Slo 


f a thick cover of: 
ntour or on level 


A. Contour Tillage 
Next to protection of the soil by means 0 


vegetation, the growing of crops on the co 
important and practical way of 


lines across the slope is an : 
controlling the loss of water and soil from the lands. Contour 
cultivation brings about ponding up of water between TOWS. 

hout loss of water by the little 


Heavy showers are often held up wit | 
terraces formed by cultivation. Since the water so held up is 
absorbed by soil, no erosion occurs. The yield of crop 1s increased. 


On the contrary, the up and downhill rows cannot hold water and 


encourage gullying. 

Besides, it is easier and more economical of time and power to 
plough, plant, cultivate and harvest crops growing on the contours 
than up and downhill. The Karewa soils in‘ kashmir wash or 
erode easily on slopes of 10 to 15 per cent. On such soils severe 


surface erosion results in severe gullying. 


Planting of fruits on contour is essential on erosive lands. 
Grapes, Strawberries and Orchards are best grown on the contour 


planting system. 
B. Contour Strip Cropping 


The term strip cropping means the growing of crops in narrow 
strips run across slopes on the contour. The strips are planted to a 
totation of crops so arranged that the grasses and the close growing 
crops are always placed between strips of clean-tilled crops. Ordi- 
narily the close-growing crops take up the rain that falls on the m 
and the runoff from the clean-tilled strips is also caught by ee 
Most of the soil washed off from the strip above is held and at h 
of the water soaks in the soil and thus is saved from the runoff. r 


To work are A suitable s i 
ystem of strip croppi 
: t ping for - 
tion of soil, the following data is required : : Bigs 
(i) Intimate knowledge of local agricultural methods 
(ii) Intensity, frequency, precipitation data 
(iti) Physical characteristics of soils of the area with ref 
efe- 
rence to percolation and total water holding capacity 


(iv) An accurate soil ma cae 
p of the individ j 
slopes of the farms, ividual farms with. 
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TABLE XXXIII1 
Seed Mixture for Meadows 


\bsJacre 
1. Red clover (Trifolium pratense) 4 
Alsike (Trifolium hybridum) ae 2. 
Yellow trefoil (Medicago Lupulina) 2 
Wild white clover (Trifolium repens, var) 1 
Timothy (Phleum pratense) 6 
True perennial rye grass (Lolium perenne), such as 4 
Swedish Sval of Victoria, New Zealand certified 
Kentucky bluegrass (poa pratensis) Ss 2 
Rough-stalked meadow grass (poa trivialis) oe 1 
Total we 22 


Recommended Seeding Mixtures for Pastures 

2. Timothy (Phleum pratense) 5 
Orchard grass (Dactylis glomerata) 5 
Redtop (Agrostis alba) An 5 
Korean clover (Lespedeza stipulacea maxim) 5 





Total soe 20 
Or Saye 
Timothy ; aa 10 
Redtop ah 5 
White clover ‘ a 2 
Korean clover ; Par 5 
Total ass 22 
Or = 
Timothy ’ a 5 
Orchad grass nae 5 
Red clover (Trifolium pratense) 2 3 
Korean clover tee 5 
Total Bs 18 
Seed Mixture 
3. Brome grass (Bromus inermis) q ae 8 
Orchard grass (Dactylis glomerata) : oa 6 
Meadow fescue (Festuca elatior) a pas 4 
io Korean lespedeza (Lespedeza stipulacea maxim) 
| and sweet clover (Melilotus alba) 4 


(or’4 pourids to the acre of sweet clover may ‘be 
used instead of Lespedeza) ; : 


, 


‘Total — Ls 22 
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i ationist may 
a soil conservatlo! 
h of strips, strip crOP rotation and 


d choppy topogra phy. 


= proceed to 
With all this Hoe ake 
make decisions about the widt 


i n 
management of irregular slopes a 


C. Grassed Waterways 


In case of the slopes not permitting ae CE 
to their choppy or compound nature, the contro Aes © ie 
improved by leaving the grass undisturbed in Wi eae os 
developing a stiff sod by means of seeding, if necessary ae 
transplanting sod into the bottom of the yee Sees 
slope is not too steep or the quantity of water ne sea 
great, a thick sward is highly effective in controlling er Be 
these conditions. In establishing a sward for purposes 0 er 3 
control in waterways, a thick growing turf-forming grass is s 
best. A fine growing flexible grass or that which tends easily 
under the pressure of flowing water is most desirable. Grasses 
adapted to the different parts of the Kashmir Valley may be used. 


D, Diversion Ditches 


The diversion ditches help in controlling erosion by removing 
the water that accumulates on long slopes. During high intensity 
rainfall grass or grain fields cannot always hold all the water until 
it soaks into the soil. Some of it passes down the slope and accu- 
mulates to such an extent that it cuts through the sod protection, 
and large gullies result. Such gully formation is avoided by remov-~ 
ing the excess of water through diversion ditches, 


Diversion ditches are constructed with slight slope and broad 
bottoms in order to Prevent erosion in them during heavy down- 
Pours. A fairly wide strip of not less than 20 feet of permanent 
meadow is required immediately above the ditch, to filter out as 
much as possible of the soil material carried down from the land 
higher up on the slopes. By holding the sand and silt in the Srass, 
the effective channel of the ditch is maintained and the risk of the 
waters breaking over the edge of the ditch is teduced. If breaches 
in the dyke or side of the ditch occur, the danger of the destruc. 
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Diversion ditches control sheet erosion and prevent gullying 
on the protected areas especially those growing clean-tilled crops. 
Water collected by the ditch is “carried away slowly to a safe 
outlet. 


SIZE OF THE DIVERSION DITCHES 


The size of the ditch is based on a number of considerations. 
The type of rainfall, the concentration area to be drained or the 
length of the slope for which the ditch caters, the relative effec- 
tiveness of the crops grown in holding back rainwater, and rapidity 
of obsorption of rainfall by the soil above the ditch, all affect the 
size of the channel required. The diversion ditches like other 
waterways, have got to be protected with fine growing grasses. 
These grasses have got to be moved down twice or thrice a year as 
they reduce the capacity of the channel by inducing deposition 
of silt and also increasing the rugosity coefficient of the. channel. 
The gradient of the ditch must be such that no erosion takes place. 
According to Ramser, 6 inches in 100 feet is the steepest grade 
permissible and some soils wash even in this grade. 


II, DIVERSION DITCH OUTLETS 


The outlet of the water from diversion ditches required careful 
consideration. A diversion ditch may be made to dispose of its 
water into a stabilized gully or a heavily forested area or on pas- 
tures. To stabilize a gully, stones may be placed on the bottom of 
it, or willow stakes which take root and grow may be placed in and 
on the slopes of the gully. The black locust (Robinia Pseudo 
Acacia) may be planted on the dry upper part of the gully sides 
and native wild shrubs may be used as needed. In dumping water 
to highly forested areas, it should be ensured that water spreads 
out sufficiently so that all of it is absorbed by soils and none of it 
flows rapidly to streams to aggravate flood conditions. 


The next best alternative is to,let out ditch water on to the 
pastures, The water must be spread out to avoid gullying and the 
sward should be strengthened, fertilized and seeded in advance 
before turning out the water to the pasture. For spreading out 
water, narrow sodded lips in the lower edge of the ditch may 
be made. The grass at the point of delivery of water from these 
lips is fertilized to stiffen the sward so that no gullying may start 
over there, 
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Diversion ditches require careful watching over and mainten- 
No rat holes should be allowed to develop and the grass from 
om and sides should be cut regularly twice or three 
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ance. 
the bott 


times a year. 


E, Terraces 
Terraces divide a large sloping drainage area into a number of 
distinctly separate ones. Each area has its own drainage waterway 
immediately above the terrace. The terrace channel collects water 
from its drainage area and conducts it slowly around the slope ata 
lower grade to a stabilized outlet.’ Because terraces divert the 
rainwater off the slope, the water is prevented from causing sheet 
erosion and gullying as it did before the slope was terraced. Many 
small gullies get filled up merely by terracing the slope and then 
farming it on the contour. Different kinds of terraces, such as 
bench terraces and level terraces, have been evolved to suit 
different conditions of rainfall, erodibility and porosity of soil and 


topography of the areas. 


(1) Terrace Outlet 
‘ The outlet is of first importance in planning a terrace system. 


An outlet may be sufficiently protected by vegetation alone if 
the velocity of flow on it does not exceed five feet per second. On’ 
steeply sloping outlets, on the other hand, devices for retarding the 
flow are desired. Besides sod, some sort of structures may some- 
times be needed. Wooden spreader boards, concrete or stones 
spreader may have to be constructed. : 


If steep sloped gullies are being used as terrace outlets, the 
slopes must be paved with stone or concrete, or, check dams of I 
stone or concrete may be built, Just as inthe case of deck 
outlet, a terrace outlet may be turned out toa — 
ee, By Pasture or a wood 


¢ 


4. Control and Elimination of Gullies 


ie Gully Prevention. by Means of good farming Practice and vegeta 
| 2 
n cover is far better than gully control. Since gullies do form, ° 





Srna season eel as Ae. 


. | 
| 
| 
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control measures have to be adopted. Various methods generally 
employed are considered below :— 


(1) Diversion Ditches 


Diversion ditches are used to keep water out of the gullies and 
to spread it on well protected soil. Sufficient length of diversion 
ditches is essential so that the water may not find its way back to the 
gully, a short distance below the point of diversion. 


(2) Straw 


The use of straw in small to moderate sized gullies is an old 
practice. The straw is trampled down into small gullies and to 
prevent it from washing, stakes leaning up-hill are driven through 
the straw into the bottom of the ditch. Ina gully as much as two 
feet deep, it is well.to drive the stakes into the bottom of the gully 
to a depth of It to 2 feet, so that the stakes are not washed away. 


(3) Brush 


In addition to straw brush is used in somewhat larger gullies. 
Straw is placed on the bottom of the gully, then the brush and then 
the rocks or logs on the top. On relatively steep. slopes, stakes are 
needed to hold the straw-brush fill from being washed away. 


Willow stakes or posts may be used in the middle of the gully 
where there is somewhat most soil present. On the drier part of 
the gully, black locust (Robinia Pseudo Acacia) may be used. 
These live and growing stakes grow into a dam across or a dyke 
along the gully and help in stabilizing the slopes of the gully. 


(4) Grasses and Legumes es 

The seeding of adapted grasses and legumes alongside of the 
brush is advantageous in forming a grassed surface in the width of 
the gully. The grass prevents the formation of a new gully parallel 
to the old stabilized one. ; 


(5) Sod bags filled with sods may be used anywhere across 

small gullies to prevent erosion. They are particularly helpful in 

preventing headwater erosion in small and newly formed gullies. 

The bag of sod is trampled against the ‘waterfall tightly. so that 

water does not pass between it and the soil. The grass grows: out - 
through the bags and soon clothes the waterfall with grass. 
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(6) Control of Waterfall Erosion 6 
fo) 
ted, the action of the waterfall extends ce Pe 
. : . . = 
Once can eae if the underlying material is non eee 
ee res dams, brush dams and a a i fee 
: 2 
See ombating this phase of the erosion. One of t Mee 
ee et the perpandicular fall as to establish the ae sur i 
: n 
r wee which has a fall of from 35 to 40 per cent as show 
alon , 


the figure below. 


Ss CREST OF FALL 







FILLED UP 
C 





EXCAVATED 






NEW SLOPE 
30 TO 40% 


WATER FALL EROSION GONTROL- 


The pool below the waterfall is filled with soil from akove the 
fall. After the face of the fall has been sloped, turf may be planted 
in hands across the slope. -Once such situations are stabilized, they 
should remain in Permanent sod. 

i 


(ecShirtbs 


Planting shrubs, alone or in combination with grass, legumes 
and trees, on the sides of gullies aids in the control of erosion. Any 
shrub that hasa spreading habit in its native locations may be ex- 
pected to grow and spread in gully control plantation. If gully 
control values are approximately equal, those shrubs which produce 
human food or feed for birds or other animals and which provide 
shelter for desirable wild life, deserve Preferred consideration, 
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(9) Dams 


Dams of various kinds and materials in association with vegeta- 
tion are useful in controlling and filling gullies: Under -conditions 
of severe erosion, the erection of one or more dams may be the first 
and the most essential step in gully control. In most of the situa- 
tions, temporary structures may be of service mainly in aiding 
vagetation to bring about permanent stabilizations. : 


A. BRUSH DAMS 


For checking the flow of water and causing silting up, brush 
dams have been widely and successfully used in gullies upto 4 to 5 
feet in depth. The use of straw and brush fills gullies most rapidly 
in watersheds that are planted partly to inter-tilled crops. It is 
the area of the latter that supplies soil material for filling 
the gullies. These dams are very inexpensive. Brusher, posts, a 
little wire and a few staples are all that is needed for making these 
dams. Willow stakes may be used in the aprons. Such stakes take 
root and grow, if, as often bappens, sufficient moisture is present all 
the time. As the stakes grow they produce a mass of root, and a 
thick top growth. In fact, this growth constitutes a living dam to 
replace the brush dam when the latter has decayed. 


B. EARTH DAMS 


Earth dams are built in gullies or ravines to catch and hold 


‘soil to control gullying. Earth dams may be built from 40 to 50 


feet or more in height. Only small to medium ones may be 
considered here. 


The first step in building of a dam is to determine accurately 
the acreage of the watershed; its slope and land cover being the 
next considerations. The size of the outlet is thus fixed. The plan 
of a small soil saving dam is given below :— 
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A TYPIGAL SOIL DAM 
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is taken from the upstream of 


The soil for building the dam 1 
It is compacted considerably. The top of the 


t and it should be above the sides 
The top of the 
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the site of the dam. 
dam should not be less than 4 fee 


of the gully or ravine by not less than one foot. 
inlet is held down at a distance of 3 feet below the top of the dam, 


The upper face of the dam should be at the angle of;rest of the 


material of which the dam is composed, while the outer slope may 
have a gentler gradient, covered with turf to avoid erosion. The 


spillway should end in a stilling basin.made in cement concrete to 
prevent undermining. Corrugated galvanized pipe or vitrified tile 
may be used for outlet construction. Two outlet pipes may be used 
instead of one, for greater safety. To increase the efficiency of the 


pipes, the inletsmay be made funnel-shaped. 


C. MASONRY AND CONCRETE DAMS 


Masonry and concrete dams may be used instead of earth dams, 
Because they involve a huge outlay of money, they should ke built 


with the advice and under the supervision of competent engineers. 


D. CHECK DAMS 


Check dams are'small scale soil saving dams used as temporary 
aids in the establishment of vegetation for the permanent control 


of erosion. Different types may be outlined here, 


(i) Woven Wire Check Dam 


The ends of a woven wire fencing are extended well into the 
sides of the gully so that water cannot go around the dam. Straw, 
leaves and other slow rotting material is used above the dam to 
catch the water and filter out its load of silt and sand. Ample pro- 
tection in the form of an apron must be provided below the dam; 


otherwise i¢ may actually increase erosion, 
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Gi) Log Check Dam 


Log check dams have been widely used in America. If well 
preserved timber is used for a series of log check dams constructed 
at suitable intervals ina gully or ravine, these dams stand fora 


considerable time—long enough for the vegetation to complete the 
stabilization of the gully. 


5. Control of Erosion on Public Highways 


The Kashmir Valley being surrounded by mountains, most of 
its roads and paths leading to and from the valley are mountainous. 
The slopes of cuttings and filling of these roads may vary to danger- 
ous limits. During rains, road-slips and hill-slides are, therefore, 
common. A road cut at the base of a long slope is seldom provided 
with an adequate diversion ditch, so that water flows down to the 
road and severe gullying occurs. Some suggestions for prevention 
of the highway erosion may be briefly indicated here:— 


(A) The slopes of cuts and fills should be proper ones. If the 
cut is made steeper than its angle of rest, nature reduces it to that 
angle. Many steeper cuts have slipped causing damage both to 
road and public property. The percentage of slope for a particular 
soil material may be arrived at in consultation with a soil man. 


(B) Diversion Ditches 


A road cut at the base of a Jong slope requires protection during 
the process of growing the permanent vegetation cover over the 
slope. This may be accomplished by makinga shallow diversion 
ditch, a few feet above the upper edge of the cut. Such a ditch 
should be wideand have a flat bottom which must be protected 
from erosion by the water that it intercepts. Therefore, the ditch 
must be seeded with long coarse grass. 


(C) Disposal of Road Water 


Water inevitably collects in the ditches along roads on a slope. 
Letting the water out at short intervalis desirable in order to 
avoid the concentration of much water in one place. To prevent 
erosioa in highway ditches, check dams have been used with 

_@ fair success, 
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blilization of Road Slopes 
d soil on slopes that are steeper 
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(D) Vegetation and Sta 


: cannot hol : 5 
Vegetation ae moist conditions, Sloping back of the 


f rest pin the stabilization of such 


than the angle o , 

is the first ste 

banks to ieee Uae slope at the top helps to some extent. 
banks. Rounding from washing by establishing a cover of 


be kept 

Cuts and Eee vines, shrubs and small trees. Large shrubs 
oe trees are held down by cutting and prunning as may be 
and other In certain places all these forms of vegetation used 
ane give the quickest and the best protection to the steep 
oge 

slopes on the highways. 


A close cooperation between Public Works Department, 


Building and Roads, and the Board ‘of Soil Conservation is very 
essential in planning methods of controlling erosion on highways. 


To have a quantitative assessment of the success of soil con- 
servation measures adopted inthe catchments of the Jhelum river 
and its tributaries, observations for determining the silt charge of 
the various drainage channels should be made. for some flood sea~- 
sons, before and after the soil conservation measures have been 
executed, or, during the time, these are in hand. The difference in 
the silt content in the two cases will indicate the efficiency of the 


measures adopted. 


Inhis note dated October 13th, 1954, on the works under Soil 
Conservation Scheme in hand in the Department, the Chief Con- 
servator of Forests, Jammuand Kashmir, States that the worst type 
of erosion exists on the ‘Karewas’ where dry cultivation, without 
any attempt at terracing, is resorted to. Even steep hill slopes are 
not spared. The silting up of the Jhelum, the Chief Conservator 
continues, is the direct result of all this, resulting in serious perio- 
dic floods and consequent loss of much more of flood than the upper 
dry areas produce. The schemes of soil conservation in hand in the 


Kashmir Valley in order of priority are :— 
1. Cherar-i-Sharif, 
2. Afforestation of hill near Anantnag. 
3. A few smaller attempts in Kamraj and Langet Division, 


4, Afforestation of Shankeracharya hill, 


Se oe 
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The worst effected area is Cherar-i-Sharif. Some success has 
teen attained at Anantnag and Cherar-i-Sharif as well. But the 


process is very slow and costly. The Badgam Community Project 
area includes the Cherar-i-Sharif unit as well. 


With the conditions prevailing as they do, it is the considered 


view of the department that only pessible line of action for future 
work in Kashmir are :— 


J. Planting of Willows, Poplars and other fast growing species 
as much as possible through the villagers, as not only to meet their 


fodder and fuel demands, but save the farm-yard manure for the 
fields to that extent. 


2. Stoppage of further ‘Nautors’ on sloping lands beyound 25° 
to 30° and terracing these under dry cultivation. 


3, Rotational closures in the higher elevation. 


4 Protection of forest wealth effectively from the inroads of 
any deforestation or ‘Nautors’ in future. 


From the perusal of the note. it is obvious that the project of 
soil conservation underway in the Kashmir Valley is inadequately 
patchy and a comprehensive and effective programme of soil con- 
servation with special reference to the catchments of the head 
waters and tributories of the Jhelum river is urgently required. 


CHAPTER SEVENTEEN 


EXAMINATION OF THE PROPOSED 
SCHEMES OF FLOOD CONTROL 
AND DRAINAGE BY MEANS 

OF MODEL TESTS 


Necessity of Model Tests 


It is not.possible to make an accurate estimate of the precise 
results of schemes of Flood Control] and Drainage of such a magni- 
tude as proposed for the Kashmir Valley. No amount of 
previous experience will permit of an experience will permit of an 
accurate forecast of the results of the measures. 


of The only method available at present is that of model tests. 

For testing similar schemes, model testing has teen frequently 
resorted to in other countries also. In connection with the recti- 
fication of the Lower Mississippi river, U.S.A., and the Rhine in 
Germany, studies on a series of models have been undertaken with 
advantage. -Valuable information has been obtained on several 
aspects of the problem which are not amenable to theoretical 
treatment, The model tests. which it is strongly recommended 
should be carried out, are designed to guard against surprise, 
particularly at the period at which the works will be brought into 
action on the first occasion. 


1, The first point upon which the information is required 
is the position and the angle of approach of the head of the 
supplementary channel. Equally important is the withdrawal of 
the silt load from the Jhelum river into the supplementary channel. 
The model results will also afford an approximate check 
on the position, dimensions and the working of the 
supplementary channel, 
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2. The second point for investigation with regard to the sup- 
plementary channel is its capacity to carry the detritus load drawn 
{rom the river, the conditions where the channel falls in nambals 
and the working of the measures to keep the channel alive. The 
suitability of the technique to be adopted for silting up the 


lowlying lands shall also be tested on the models before 
their final adoption. 


3. It is essential to ascertain the probable rate of development 
of the pilot channels of the cut-offs recommended for improving 
the Jhelum river. The levels and velocities resulting from the cut- 
off, both in the abandoned and the new channel shall also be ascer- 
tained with reasonable accuracy from the model tests. Similar 
tests have been resorted to in practically all cases of large cut-offs 
jn Europe and America. 


4. An indication of the probable future behaviour of the 
river, both upstream and downstream of the positions of off-take 
of the supplementary channel and the cut-offs may also be obtained 
from the model tests. 


5. There are many aspects of the proposed scheme of diver- 
sion of the Pohru river on which very important information is 
required. The development of the cunnette, the behaviour of 
breaching section and the closure embankment, and the levels 
obtained during and after the diversion which has been effected, 
shall have to be confirmed on the model, 


6. Astudy of the probable behaviour of the outfall channel 
on a model, after the diversion or stabilization of its affluents shall 


help in making final decision regarding the necessity of dredging of 
the outfall channel. 


Over and obove these, there would be other important points 
regarding proposals advocated in the report that would require 
confirmation on the models. 


The model for this purpose shall cover several acres of land 
and will be several thousand feet in length. On this model all the 
features of the valley peculiar to the problem shall be 
properly simulated, 
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Model Studies on the Design of off-take of Supplementary Channel 


on the Jhelum River above Kandizal 


model studies were undertaken to 


At the first instance, 
determine :— 

(i) The most suitable site for locetion of the head of the 

supplementary channel somewhere between Mile No. 29/0 

to Mile No. 32/3 in the Kandizal-Kakpura loop of the 


Jheium River. 
(ii) The angle of off-take of the supplementary channel with a 


view to etfect a proportionate distribution of discharge 
and sediment load in the river and supplementary channel. 
(7) The cill level of the head regulator of the supplementary 
channel. 
(iv) The dimensions of the various elements of design of the 
regulator and supplementary channel, - 


The Models ; : 

The Jhelum River was represented on a model constructed to 
a scale of 1/100 horizontal and 1/20 vertical from Mile No. 30/0 to 
Mile No 40/2, As a result of investigation on the model, 
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Fig. 78—A general View of the Medel of the 


Jkelum Riy, i : 

from R.D (Mile No 29] iver at Kandizal 
: No, VU) to Kandi 

(Looking Downstream), Kandizal at R. D, 17500 











Fig. 79—A close up View of the Jhelum River at Kandizal from RED 
10,000 to R. D. 16.00) with tke Head of the Supplementary 
Channel taking-off from R. D. 1500 (Mile No. 3210). 
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Fig. 80—The Head of the Supplementary Channel taking-off trom the 


Jhelum River at R. D. 14,000, The Upstream approach for a 


distant of thiece miles can also be.secn (Looking Upstream). 
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Fig. 8I—A View of the Model of the Jhelum River at Kandizal with 
River bed moulded from R. D. 16,000 to R. D, 23,500 (Looking 
Downstream), 


the position of off-take was tentatively fixed at Mile No. 32/0. The 
results obtained in this model were confirmed on a large scale 


model of the Jhelum river representing a few miles (Mile No. 29/0. 
to Mil: No. 33/2) constructed toa scale of 1/50 horizontal and 1/16 


vertical. Both of the models on Proving tests reproduced the 
levels fairly correctly, Figs. 78 to 81 show different reachesof the 


Jhelum river on the large scale model. 
Location and Angle of Off-take 


Four alternatives re 
of the supp! 
tiver above 


garding the position and angle of off-take 
ementary channel from the left bank of the Jhe 


lum 
Kanjizal were examined on the model. 


(i) Right angled off-take at Mile No, 31/0 with cill level 
at 5202°15, 


(it) 45° angled off-take at Mile 
5292°15, 


(tii) 30° angled off-take at Mile No, 31/2 with cill level at 
5201'5, 


No. 31/0 with cil] level at 


(iy) Right angled off-take at 


Mile No. 32/0 ith cj 
Se oun 1U with cill level 
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Fig. 82—The Jhelum River in 
a low stage approaching 
the Head Regulator 
of the Supplementary 
channel taking off from 
the left Bank at R.D. 
15,000 off at Right Angles 
to the Tangent of River 
Loop above Kandizal. + 








Fig. 83—The Supplementary 
Channel with a ‘right 
angled off-take at R. D. 
15,000 functioning in a 
Discharge of 80,000 cusecs 
with its cill level at R.L, 
5109°0 and the water 
level in the river at R. L. 
5216°0, the Supplementary 
Channel takes a discharge 


of 36,800 cusecs. 


Fig. 84—Bed Configuration 
in front of the Head 
Regulator of the Supple- 
mentary Channel with its 
Cull level at R. D. 51990 
after a discharge equi- 
valent to 80,000 cusecs 
has run on the Model. 
An appreciably high silt 
bar leading to the Regu: 
lator is formed. 
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Detailed results of the studies made on the problem forms the 


subject matter of a separate report. Only the results of one study 
ot discharge and sediment distribution in the Jhelum river and the 


supple.nentary channel with 80,0C0 cs. discharge at Sangam and the 


cull level of the head-regulator of the supplementary channel’ at 


R. L. 520'0 may be given here. 


Water Levels and Conditions of Flow 

Wit the supplementary channel kept closed, low discharge 
was let in. ‘The discharge was raised gradually to 8),000 cusecs, 
The Jhelum River yet in a low stage flowing past the head of the 
supplementary channel is shown in Fig. 82. With a discharge of 
89,000 cs. in the Jhelum river, the water levels obtained in the 
four mile reach of the river from Mile No. 29/0 to 33/2 (RD. 0 to 
22500) are given in Table XXXIV. The water-level at R. D. 
15,000 (Mile No. 32/0) came to R. L, 52200. The supplementary 
channel was thea opened and the tail water-level in the supple- 
mentary regulated so as to get a water-level of 52178 in the river 
at the head of the supplementary channel. The conditions of the 
flow in the river and the supplementary channel are given in 


Fig. 83. The main current of the flow hugged the left embankment 
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258 “FLOOD C 
the Pampore Loops of 


Studies on the Working of Cut-off across 


the Jhelum River 
To study the working of the proposed cut-off across the 
Pampore loops of the Jhelum river and determine the amount of 


flood stage lowering that will be brought about ty the cut-off, 
t on a model of the Jhelum river 


investigations were carried ou 
: a scale of 1/100 horizontal and 


(Fig. 85) constructed to 
1/20 vertical and representing a length of six miles (Mile 35/0 to, 


Mi'e 41/0). The model was shown to reproduce the prototype con- 
ditions fairly correctly. A pilot channel equivalent to 40 feet in 
width, 22'5 feet in depth and 6700 feet in length was made right 
across the loops from Mile 33/3 to Mile 39/0. For accommodating 
40,000 cusecs discharge, the berms of the pilot channel were made 


at a distance of 150 feet on either side. 


Observations regarding water levels, current directions and bed 
configuration were taken for different discharges ranging from 2,CCO 
cusecs to 60,000 cusecs in the river under three sets of conditions: 
(i) with the discharge passing entirely within the river channel, 
with bunds raised andjstrengthened ;\(ii) with the discharge passing 


Fle BIA. \view of thé Modclisepen 
ampore loo f 
(Locking Upstream). ps of the Jhelum River, 
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through the river loops as well as the cut-off channel; and (iii) with 
the discharge. Passing entirely throu 


gh the cut-off channel with the 
river loops ‘closed, 


Stage Lowering with Cut-off 


Water levels for different discharges in the river were observed 
at every half a mile in the river and at 1,000 feet interval along the 
cut-off and are given in Table XXXIV—A, plotted in Fig. 86. 
A comparison of the results shows that fora discharge of 40,000 
cusecs in the river, the lowering in the flood Stage is of the order 
of 2'5 feet, and the rise in the river level at the downstream end of 
the cut-off is 0'°2 feet. The average water surface slope of 


‘00017 feet per foot in the Tiver increased to ‘00025 feet per foot 
in the cut-off, 


Current Directions and Velocity Observations 


With the whole discharge confined between the river bunds, 
the main current hugged the left bank and there was appreciable 
action on the bunds. In the set of conditions in which both the 
tiver loops and the cut-off work, the flow was divided at the mouth 
of the cut, a part entering the cut while the other entered the right 
loop of the river. The major portion of the flow from the right 
loop entered the lower half of the cut while the flow coming from 
the upper half of the cut entered the left loop of the river. This 
occurred only for lower discharges upto 10,0CO cusecs. In higher 
discharges, however, the whole of the fow in the right loop and 
about 60 to 80% of the flow from the upper half of the cut entered 
the lower half of the cut. The flow in the loops was very calm 
and there was little movement in the river bed. 


Velocity observations were made at the following points in all 
the three stages: (1) River upstream of the cut-off (Mile 35/2), 
(2) Upstream end of the cut-off (Mile 35/3), (3) Downstream end of 
the cut-off (Mile 39/0), (4) Mouths of the right and left loops 
(36/0 & 37/0) and (5) River loops at (Miles 36/2 and 38/2). The 
velocities observed at these points are shown in Table 
XXXIV—B. The results show that with the cut-off working alcne, 
the velocities at the downstream end ot the cut-off show a small 
fall as compared to these observed at. the upstream end of the cut- 
off. For a discharge of 40,000 cusecs in the tiver, the velocities at 
the upstream and downstream end of the cut-off are $°5 and 88 feet 
respectively. 
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| TABLE 
Water levels in River Jhelum With and Without 


aL ety ca SS ee ee 


River upstream of cut-off 








we Discharge , , s 
| 

1. Cut-off closed 2,C00 96 a 94°5 
: 9 ‘ 93°9 

2. Cut-off & loop work- n sa eae 
1 i. n 2 96°3 
3. Cur-of working loops ” 96'3 2 2 

closed 

4: Candition Mo: 1 5,000 96°5 963 96'3 
Condition No. 2 £ 96°3 Oo5e 954 
Condition No. 3 re 97°5 » O74 975 
Condition No. 1 10,000 ¢9:0 98°6 938°7 
“Condition No.2 ~ is 98:4 97'°7 07°6 
Condition No. 3 s. » 99°1 98°9 $89 
Condition No. 1 20,000 30 2°6 25 
_ Condition No, 2 x 16 10 0-3 
Condition No. 3 % 20 16 13 
, Condition No. 1 30,000 62 515 54 
Condition Nu. 2 n 48 43 4-0 
Condition No, 3 y SPL 4:4 40 
Condition No, 1 40,000 9-0 §-0 7-9 
Condition No, 2 AA 69 5:2 4:9 
Condition No. 3 an 6:9 61 5-4 
Condition No, 1 50,000 - 10:0 95 90 
Condition No, 2 t 9-4 8-2 8-0 
* Condition No. 3 : 9:2 84 7:8 
Condition No.1 . 60,000 116 12 10°8 
Condition No, 2 : * 10°9 9:7 9:2 
‘Condition No. 3 , ase “11-0 “OG 95 
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No. X X XV 

the Working of the Proposed Cut-off at Pampore 

4 I 
Right loop | Left loop Downstream of cut-off 
e { Miles Remarks 
Mile Bete le aS Se 
36/0 37/0 | 37/2 | 38/0 | 38/2 
LOC) aie, [POO ee est eaet | 2 5910 | 3312 | 40]0 | 43/0 | 
I u Bs 

94°25 042 943 942 942 936 92:0 915 O15 91°35 
93°6 93°5 : 236 OFF 934 933 929 922 O18 O14 
96'5 93 948 951 9F0 92° 931 926 925 O14 
9471 960 960 96°38 95°7 9419 9376 930 928 92 25 
95°3 53 953 (950 970 OFL 944 932 932 92°8 
978 956 961 961 DAS 945 96 92 918 929 
93°3 931 980 979 977 973 958 953 9D 92°6 
97°5 973 971 968 969 968 954 955 95°5 94:0 
99°1 974 9783 932 968 966 957 960 958 94°4 
2°0 18 15 13408 «#+OO 992 984 S31 968 
10 07 0-3 O04 O2 O03 998 990 987 972 
16 02 06 08 976 99% 999 990 93°83 968 
59). 438 45 Aelicge3iSin onan 2:3 ine 08 99°2 
39 3°6 38 Sue Sule oul ena S 5 A:3: 99°4 
473 Silk 374 316. 25 4274. 3:0: 19 16 99°5 
15 TA. GS (610° 5:8 510) 43: 2 9: 26 0's 
5:2 51 Bre 455.6 74:55 435) ae 30 33 12 
58 4°35 49 50 40 39 44 3-4 30 12 
88 85 80 72 #70 65 60 46 4:0 25 
76 76 77 72 69 %70 64 55 50 34 
85 HiO's 14) 16 Orde Oe. jae 55 3'6 
105 486102 «=—9'6 89 88 84 75 62 515, 4:2 
9°4 95 97 90 89 90 83 73 65 45 
103 gs 94 95 88 86 87 78 78 55 
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Bed Configuration 


It was observed that the development of the cut-off was very 
rapid when the loops were closed and the whole of t 
passed through the cut-off. Survey of the river bed aftera dis- 
charge of 40,000 cusecs has been run on the model, showed a 
development of about one foot below the proposed bed level of the 
pilot channel. The condition of the river bed after a discharge 
of 60,000 cusecs has been run on the model is given in Fig. 87. 


he discharge 


Conclusions 


The cut-off worked satisfactorily and brought about a flood 
stage lowering of about 2°5 feet above and along the cut-cff- 
Downstream of the cut-off, the rise in the river level was very 
small viz. of the order of 0°2 feet. 


Studies on the Improvement of the Outfall Channel from the 
Wular Lake 


The Problem 


Under the scheme of flood control formulated in the report, 
the outfall channel from the Wular Lake. the sole drainage channel 


of the Kashmir Valley, -shall be required to function under two 
altered conditions :— 


(i) Higher levels in Wular Lake. With all its major 
affluents like Ningle nallah and Pohru river diverted 
to the Haigam Jhil and Wular “ake respectively the 
Wular Lake levels shall rise and the outfall channel 
shall be called upon to drain higher discharges. 


(ii) Capacity to discharge 100.000 cusecs. In course of 
time when the Wular Lake and the other flood 
absorbing basins in the Valley are nearly reclaimed 
by deposition of silt, the outfall channel shall be called 
upon to carry most of the discharge (say, 100,000 
cusecs) as it comes down through the river at Banya ri, 
the Suplementary Channel, the Pohru river, the 

Ningle and other affluents. 

Can the outfall channel cope with these new condi- 

tions? Ifit can, how ? 
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Fiz. 87 


—Conditions of Bed in the purposed cut- 


off after a run off 
10,600 cusces discharge through Cut-off. 
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Studies Made 


To obtain answer to these queries, two studies were made on 
a model of the Jhelum river in Kashmir Valley from Mile No. 17 at 
Masyari to the Baramulla bridge constructed to a scale of 1/150 
horizontal and 1/25 vertical. Relations between levels in the 
Wular Lake and the corresponding discharges flowing through the 
outfall channel before and after the proposed improvement of the 
outfall channel were obtained from these studies. The first study 
related to the conditions of flow in the outfall channel moulded 
according to the cross sections of 1949 under different Wular Lake 
levels. The second study gave the conditions of flow in the im- 
proved outfall channel under similar lake levels. 


The proposed improvement of the outfall channel consisted of 
imposing (1) a uniform bed grade of 1 in 6000 from Sopore to 
Khadanyar, and (2) a bed width of 550 feet,so asto obtain a sec- 
tional area of about 16,000 square feet in the outfall channel. Dur- 
ing the dredging operations of 1907-15 the best at Khadanyar was 
dredged to R. L, 514825 (R L2.5139-25 according to the old bench 
mark which was 90 lower. * Extending the bed grade of 1 in 60.0 
upstream, the R. Ls. of the proposed bed at Baramulla Bridge a 
Sopore come to R. Ls. 5150°75 and 5161°50 respectively. The extent 
of the deepening and widening at Sopore and chain 5 above Bar- 
mulla Bridge is given in Fig. 88. 


During the tests, no triburatries flowed in the outfall channel. 


In the first study, discharge and water level relationship for 
different stations on the outfall channel from the Wular Lake to 
Baramulla with the channel moulded to the cross sections of 1949 
was observed and is given in Table XXXVII and Fig. 89. The 


water surface profiles for different discharges in the outfall channel 
are plotted in Fig. 90. 


From the perusal of these figures and table it is clear that 


(i) with the Wular Lake at R. L. 5190, a discharge of 44,000 
cusecs passes in the outfall channel. 


(ii) With the maximum level of Wular Lake recorded so far 


ie. R. D. 518277, the outfall channel passed a discharge of about 
25,000 cusecs. 


Gii) After the run, it was observed that the bed of the outfall 
channel was markedly lowered. At places the lowering of the bed 
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1. BEFORE THE PROPOSED IMPROV MENT. 
Z-AFTER THE PROPOSED IMPROVMENT. 


uv 
: 
u 
3 
J 
4 
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80,000 





DISCHARGE Iw CUSECS 


Fiz. 89—Discharge and R. L. curves for the Outfall Channel. 


was of the order of four to seven feet. With the affluents that 
bring in lot of sediment, having been diverted away the outfall 
channel shall improve t) a great extent. 


In the second study discharge and water level relationship for 
different stations on the outfall channel after the proposed 
improvement has been made is given in Table XXXVIII and 


Fig.90. The water sucface profiles for different discharges in the 
channel are plotted in Fig. 90. 


, 


These figures indicate that (i) With the levels of the Wular 
lake at R. L. 518675, discharge of 83055 cusecs passed in the out- 
fall channel. (ii) The maximum diszharge of 25,000 cusecs which 
in study No. I passed under a lake level of R. L. 518277, shall 
pass under a lake level of R. L, 5172'20 in an improved outfall 

| channel, 
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Conclusions : 


1. With the diversion and stabilization of the silt bringing 
affluents of the outfall channel like the Ningle nallah, the Pohru 
river and the hill torrents below Baramulla a process of self im- 
provement is started in the outfall channel. This process is 
further accentuated by higher lake levels resulting in higher dis- 
charges flushing the outfall channel into ever increasing capacity. 


2. Since the proposed bed width of 550'0 for the outfall channel 
falls almost always within the existing banks of the channel, 
to impose a bed slope of ] in 6000 does not involve more than easily 
attainable limit in dredging of the bed of the outfall channel. 
The proposed improvement is very practicable and shall meet the 
exigencies in the distant future when, all the absorption basins in 
the valley having silted up, the outfall channel shall be called upon 
to drain the whole of the flood discharge to say 100,000 cusecs. 
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PART Il 


IMPROVEMENT OF THE OUTFALL CHANNEL 
FROM THE WULAR LAKE 














CHAPTER EIGHTEEN 


THE JHELUM RIVER BELOW 
THE WULAR LAKE—THE 
OUTFALL CHANNEL 


The River Course P is 

Joining the Wular Lake at its northern end at Banyari,’ the 
Jhelum river takes off from the lake at its south west corner and 
flowing in the West-South-West direction, meanders through -the 
alluvial plain for a length of 13 miles upto the bridge at Baramulla. 
At Baramulla the channel enters a- gorge in the hills. After 
flowing for a length of three and a half miles through the gorge, 
the outfall channel takes a sharp bend towards the left. At the 
end of the gorge at Khadanyar, there is a huge rock-spur projecting 
into the river bed from the left side. Below Khadanyar the river 
flows as a torrent over a series of rapids. The bed at this stage 
consists of large boulders, gravels and rock. The Khadanyar point 
(Figs. 91-A, B) is the bottle-neck thdt controls the drainage of the 
whole of the Kashmir Valley. 


i For. the length of 164 miles, from the Wular Lake to 
Khadanyar, the channel meets a number of tributaries, namely the 
Ningle, the Pohru,, the Vij and the hill torrents below Baramulla, 
the biggest and the most important of them Being the Pohrt: tiver. 


¢ 


The Ningle Nallah : 


The Ningle nallah drains south-western part Bet the valley and 
after flowing through a distance of about 16 miles. from its source, 
joins the’ outfall channel from the left side just ‘below its off-take 
from the lake. “It is'a narrow and deep nallah with steep ‘clayey 
banks and an average width of about 20 feet to 25 feet. The high 
flood discharge in the nallah is roughly 2,500—3,500 cusecs and 
overflows its banks. When the Ningle is in spate, the spill 


Fig, 
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91 B—The River Gorge at Khadanyar (Looking Downstream), 


a Po 
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water rises upto the foundations of the rooms in the Ningle forest 


rest house, situated at about five feet above the average bed 
of the nallah. 


The Ningle nallah has a steep slope and transports coarse sand 
and gravel into the outfall channel. The quantity of bed load 
carried by the stream is very heavy. Even in the lowest winter 
stages, the bed is alive and transports gravel and shingle... All 
this heavy detritus load is deposited in the outfall channel. A huge 
sand and gravel bar has formed inthe channel just downstream 
of its junction with the Ningle (Fig. 92). Since the outfall channel 
has too flat a slope to move any of the coarse material brought by 
the Ningle nallah, the material continues to deposit on the bed 
of the outfall channel. During the last 20 years the bed of the 
channel has risen considerably. A huge sand bar has formed on 
the left side. The deterioration in the capacity of the out- 
fall channel shall continue with the accumulative effect of the 
sediment material brought by the Ningle. A dense willow 
plantation has been grown at Ningle on both sides of the outfall 
channel in the last two decades. This plantation is on the banks 
and increases the co-efficient of roughness of the bed during the 
floods and thus retards the flow during high stages. The 
‘coefficient of roughness for this plantation must 


have a 
value of about 1'5. 


The Pohru River 


About four miles below the Sopore bridge the outfall channel 


is joined by a flushy stream—the Pohru, which flows in north to 
south direction. 


A few miles upstream of the junction of the Pohru with the 
outfall channel, a tributary known as the Mawar river, joins the 
Pohru. Mawar brings huge quantity of gravel and grit which is 

-much coarser than that brought by the Pohru river. The Hamel 
nallah. another tributary of the Pohru river which joins below 
Suil, brings about 3.500 cusecs discharge in addition to heavy 
quantity of coarse material during flood (Fig. 93). The bed of the 
river at Suil, situated at a distance of eight miles from Doabgah, 
consists of shingle and coarse sand. At Doabgah the bed material 
of the Pohru river consists of coarse sand and grit. The sand is 
0°50 mm. to 0'8 mm. indiameter. There is gravel as well as large 
size shingle in the detritus load carried by the Pohru, The bed 
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Fig. 92—Toe Sani and Gravel Bar at the Junction of the Ningle Nallah 
with the Outfall Channel. 











Fiz. 93—The Hamel nallah at its Junction with the Pohru River 
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slope starting from the junction at Doabgah and going upstream is 
onan average of about 1 in 7,000 in the first four miles and goes on 
increasing to 1 in 1,500 to lin 2,000 in the next five miles. The 
water surface slope in the Pohru river, a short distance upstream 
of its junction is on an average of the order of 1 in 8,0C0 tolin 
10,000. The slopes are given in Table XXXIX. 


The discharge of the Pohru river during the dry period is 
‘about 100 cusecs. The highest flood discharge is 18,000 cusecs. 
On the average, during the summer scason, tke discharge is: 4,000 
to 6,000 cusecs. { : 


The Pohru river brings shingle, three to fceur inckes'‘in 
diameter, besides gravel grit and coarse sand, and drops it in the 
outfall channel at Doabgah. ‘ 


The Pohru Bar » 
The Pohru river in the past ee to join the outfall hate 


at a lower level. It had gradually raised‘its bed by the sediment 
charge brought by it. The average bed level of the Pohru at its 


TABLE XXXIX 


Bed Slope and Water Surface Slope of the Pohru River at every 
5,000’ Starting From its Junction With the Jhelum River 


[ | | 











5. |. <p. Ds 4 |-Bed Level. [so "te" ¢) Bed. SI wee Regu 
No. » Di ~ |-Bed-Leve Level] ©: Bed Slope | at ce, temirks 
{| | i ope | 
i 
als Junction 65°35 80°65 — _— _ 
2 5,000 70°36 80°86 1 in. 998 Lin 23,€19 
3 9.600 70°s9 81:19 1 in 7.32 lin 3,939 
4, 14,400 770 8170 1 in 7,012 lin 9,¢04 ° 
5 20 100 72°83 81°93) lin 3,991 lin 19,565 
6 25,100 76°50 $210 1 in 1,362 lin 29412 Iratic figures 
indicite 
reverse 
slore. 
ae 30.100 72:16 8256’ lin 1,129 1 in 10,869 
3. 35,100 7485 8305 1 in 1,859 1in 10,204 
9. 40,100 76°52 83°24 lin 1,071 1in 26,316 
10. 45,100 : 77°52 83°82 lin 2,500 lin 8,621 
11. 50,100 80°00 84°50 lin 2,016 lin 7,353 
12. 1,000 78°51 8461 1% 671 lin 9,091 


a ce a en a ae) 
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e outfall channel is’ higher than the bed -of the 
Consequently, at the junction pcint at’ Daobgah 
nas the Pohru Bar, has formed in the 


junction with th 
outfall channel. 
(Fig. 94), a sediment bar, know 


outfall chanrel. 
Areas of cross-section of the outfall channel near Doabgah 
below the low water level are given in Table XL. 





Fig. 94—The Pohru Mouth at Doabgah. 


It is clear from this table that the effect of the Pohru in 
reducing the cross sectional area of the outfall channel is 
maximum at its mouth. The effect decreases as the distance 
from the mouth of the Pohru increases. The Pohru Bar was 


dredged in the past but it has reformed. The bar is a ridge 
sloping both ways. 


The Vij Nallah 


Below Doabgah a small stream, the Vij Nallah, joins the outfall 
channel from the right side. Its slope is, however, steep and it 
brings gravel and small size shingle into the outfall channel, though 
the quantity is small. The’catchment area of this stream is very 
small, It is a seasonal nallah and remains dry in winter. The 
discharge ‘capacity of Vij nallah.is about 1,000 cusecs during a high 

flood and depth of water is of the order of 3 feet, The velocity 
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TABLE XL 





: Area of Cross Section 
Chain No. Below Low Water Water Surface Levels Remarks 
Surface Level 





440 A. B.B. 3191 Sq. feet R. L. 5155°95 
435 5 1904 ,, ,, peel ope Pohru Mouth 
430, 18574 su 7 .  5155'89 
4235, 2032 sy »  5155°86 
420 2802. 515583 
45, 2509 ,. . 5155°80 
410 23) S814. ey 515577 
405, 2070 » » 5155°74 


Note.—A. B. B. connotes Above Baramulla Bridge. 


of water in this nallah is of the order of three to four feet per 
second. It isa wide and shallow nallah and, in spite of having a 
steep slope of the order of 1 in 1,100, its velocity is not much. 
Consequently it does not throw much detritus load into the outfall 
channel and no bar like that in case of the Pohru, forms at its 
mouth. Its bed, however, consists of coarse sand, gravel and grit. 
A long section of the Vij nallah is given in Fig. 95. 


Torrents below Baramulla 


Below Baramulla a large number of small torrents, draining 
the neighbouring hills, joins the outfall channel from the right side. 
There are four torrents; one just below Baramulla bridge, the 
other two at 2 miles helow Baramulla, and the fourth one, near 
Khadanyar gorge. 


The torrents are not large. They have small catchment areas 
which are very near from ‘the outfall channel. The disruption 
of the surface is clearly seen from the river (Figs. 96-A, B). 
Higher up from the broken surface, there is nochannel. The 
torrents originate in the local rainfall. The material brought by 
the torrents during spate, though not much, is very large in size. 


This becomes a dead load as it cannot be transported by the 





Fig. 95—Long Section of Vij Nallah. 
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outfall channel. The accumulative effect of several floods in these 
nallahs results in the deterioration of the outfall channel 


The Hydraulics of the Outfall Channel 


Some of the hydraulic elements of the outfall channel such 


asthe area of the cross-section, the average depth, the water 


surface width for th: years 1929—19{9 are given in Table XLL 


The Waterway 


The width, the average depth and the area of the cross- 
section below the highest flood level in the outfall channel at 
Sopore, which is situated just below its off-take at chain 645 above 
the Buiramulla bridge, are about 650’, 30’ and 19,500 square feet 
respectively. A study of table XXXI shows that these elements 
decrease to 480’, 17°5’ and 8,200 square feet respectively at Seer 
which is located at chain No. 475, while at the Pohru mouth, 
(500 feet above Doabgah), fora few chains in this reach, these 
are 880’, 12:0’ and 10,000 square feet respectively. From chain 
No. 433 at the Pohcu mouth to Baramulla, the waterway remains 
practically the same, averaging at 550’ wide, 140’ deep and 
7,200 square feet in cross-section. Below Baramulla, the outfall 
channel enters a narrow gorge in the hills and flows as a torrent 
at Khadanyar. 


The River Bed 


The original bed of the Outfall channel consists of stiff alluvial 
clay which does not erode easily. However, upto Baramulla the 
coarse sand, gravel and shingle brought by the Pohru river form 
the present bed of the channel. Below Baramulla the existing bed 
of the channel consists of boulders and gravel brought down from 
the hills by torrents and by disintegration. Underneath the 
boulder and gravel deposit, the original bed in the gorge also con- 
sists of stiff clay and sand. The mzan diameter of the boulder and 
rock deposits generally varies from four to ten feet. At certain 
places the rocks may be even 15 to 20 feet. At a few points near 
the spur, under the boulder deposit, there is a rocky bed. 


- Below Sopore there is astone bar constructed in the channel 
at a level of 515743—about two feet above the normal bed 
of the channel. 
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In their Notes on the Wular Storage Scheme, Floyed, and 
Farrent and Burton’ have referred to the river bed in the gorge as 
consisting of rock. Field? however, differs from them and in his 
note he has stated that no sheet rock existed in the bed; and 
under the boulder and gravel deposit, the original bed consists of 
clay, sand and shingle. Lotbinier®? from a_ series of personal 
observations confirmed the findings of Field. He took soundings at 


different points and his observations are reproduced in 
Table XLIL 


The Water Surface Slope 


The water surface slope of the outfall channel goes on 
increasing from its off-take from the Wular Lake to Khadanyar. In 
the. first few miles length of the channel. the water surface slopes 

- are very flat. On the average, the slope is of the order of I in 
12,000 to.1 in 30,00), from the point of off-take to its junction with 
the Pohru river at Doabgah. Between Doabgah and Baramulla, 


the slope is steeper than that above Doabgah and averages at 1 in 
10,000. At Baramulla there is a marked increase in the surtace 


-slope.. It is of the order of 1 in 2,500 to 1 in 3,C00, At Khadanyar 
and below, the slope is 1 in 250, as that found in rivers in boulder 
stages. The water surface profile between maximum and mini- 
mum of the outfall channel from Sopore to Sheri for 1916-17 are 
given in Fig 97. Table XLIII and XLIV give the water Suriece 
slopes during 1917-28 and 1950. 


The Velocities and Discharges 


At the off-take from the Wular Lake the channel is about 35 
to 50 feet deep and velocities are low. Below the junct.on with 
the Pohru river the valccities increase considerably and in the gorge 
below Baramulla they are of the order of 12 feet per second, 


The minimum discharge of the outfall channel is 500 cusecs, the 
normal summer discharge is 10,(00 to 12,00 cusecs, while the 
maximum discharge is about 38,000 cusecs. 


Sediment Characteristics 


The river, as it leaves the Wular lake is free from silt but a 
large amount of the sediment load brought by different tributaries 
is thrown into the channel. A major part of the load is transported 
while a part of the material deposits on the bed. The sediment 
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transporting capacity of the channel increases considerably after 
its junction with the Pohru. A number of samples of the bed of the 
outfall channel from Sop»re to Khadanyar were taken and analysed 
for mean diameter. The silt index so prepared is given in 
Table XLV. With the increase of water surface slope, the size of the 
bed material transported also increases. The mean diameter of the 
material half a mile above Ningle nallah is 0'0854.mm. It increases 
to 163 mm. at the mouth of Ningle nallah. Near Sopore the bed 
material becomes finer —of the order of 66 mm. At Doabgah, where 
the Pohru river joins the outfall channel, the bed meterial is very 
coarse, viz., 9°73 mm. in diameter and half a mile below Doabgah, the 
bed material becomes coarser still, viz, 13551 mm. The Vij and 
the Dakil nallahs bring gravel and silt of the order of 161 and 
200 mm. Atand below Baramulla the bed material is very coarse 
due to the torrents dumping in shingle and boulders. 


The silt index of the outfall channel is given in Fig. 98. 
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te TABLE 


Hydraulic Elements: of The Outfall 


Water Surface Width 





After Dredging 
i H F.L, Before 
Pee of 1928 | Dredg- 


Chains ing 


1915 1915 1929 1934 1939 1949 








1 2 | 3 | 4 ? 
5 635° 517986 533. 513. —=S «478 488 
3. 625 5179°86 : 618 620 630 650 
re 615 5179°76 710715665 655 
5. 605 5179°72 565 565 560 575 
6. 595 517968 565 565 630 625 
7. 585 5179°64 780 = 785 785 788 
8. 575 5179°60 575 660 = 5590 605 
9. 565 5179 55 595 557 613. sg 
10. 555 5179°51 , 508 50 540 550 
11. 545 5179-46 620 641 = 640 658 
12, 535 5179°42 610 610 6]9 605 
13, 525 5179'38 © S10 50555 510 
14, 515 5179°33 51552553 523 
15, 505 5179°30 50453057 495 
16, 495 5175-24 4630 463,473 465 
17. 485 5173:20 468. 463475 468 
18. 475 S196 485 473g 458 
78 90 


a ee 
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No. XLI 
Channel For Different Years 
Area of Cross-Section in Soft 
Before After Dredging 
Dredging 
1915 1915 1929 1934 1939 1949 
Se a ee ee ey ee 
10 | ret | 12 | B | 14 | 15 

19295 19655 19805 . 19005 
9375 9365 9345 8740 
11485 11355 10700 10265 
11490 11595 10905 _ 9880 
.9680 10015 9700 8615 
10115 10225 9705 9040 
10790 11325 10700 10175 
10700 11050 10900 12625 
10850 11018 10600 9815 
10060 10310 9780 8990 
10580 10950 10545 10095 
10000 10520 10310 . 9035 
8950 9575 9295 » 8715 
9000 9075 8790 ~ 8690 
9300 9580 9050 » 7750 
8438 8320 8055 ~ 7440 
"8263 8205 8340 * 7350 


7610 7595 7930 7385 


396 


FLOOD CONTROL IN KASHMIR VALLEY 


TABLE 


Hydraulic Elements Of. The Outfall 


Average Depth 














S. No.| Before After 
1915 1916 1929 1334 1239 1949 
1. 20°9. 32 31°2 29°9 
b: 176 18°3 19°6 179 
3, 18°6 18°3 17°0 158 
4. 162 16°2 16°4 151 
5, 171 17°73 17°32 14°98 
6. 17-9 18°1 15°4 145 
7. 13:8 144 136 129 
8. 186 167 18°4 20°9 
9. 1824° 18-44 17°3 155 
10. 19:8 18°8 18° 16°4 
11. 71 1711 165 15°3 
12. 16139 16°25 16°9 14°9 
13. 17°5 18°8 18° 17'1 
4. 175 173 168 16°6 
15. 18°4 18:2 17°17 15°66 
16. 18-2 18°0 17.0 16:0 
17. 17°7 17°5 175 17°0 
ae 163 161 


15°7 161 
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Nios 8X El canea. 


Channel for Different Years 





R. L. of Deepest Point 





es 1934 1939 1949 Remarks 
22 | 23 24 | 25 | 26 
5123°6 5123°4 5125°30 51222 Sopore Bridge and Gauge Site. 
5153°2 5153°6 5154°00 5155°3 
51540 51540 5154°2 5150°9 
51570 5154°0 51549 5156°9 
5150°6 515153 -5153°8 5156°4 
5143°2 5143°7 51461 5149°4 590 Old stone bund in river. 
; 518770 51566 5137°4 5159°3 
51461 5147°0 51471 51497 570 Village Tula Bagh left bank. 
5149°3 51471 514871 5149°3 
5151°3 5149°8 5150°9 5152°1 
5155°3 5153°6 5155°5 5155°0 


51571 5155°9 51562 51569 

5155°6 5153°4 51539 5151°0 

51517 5150°5 5150°7 5153°2 

5152'5 5152°3 5152°1 5152°1 

siss2 51528153314 
5155°5 5155°6 5155°1 51564 Seer gauge and discharge site. 


5155°2 5155°1 5155°7 51566 470 see Village L. B. 
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: TABLE 








e Ge Haet0 460 4€5 470 475 
™ < es 470 «495 = 500455 

21. 445 51759 08S SIS BIS 5B 520 

22, 435 516876 820 820 860 870 §83 885 , 
23, 425 517870 626-626-535. 600 595600 | 
SAIS, =~ «51780 © 700« «700. 7M 985i 783) 0 | 
25, 405 51783) ° 760 760 580 578 575 580 | 
26. 395 5178°05 “505 500° 518 490 

27, 385 5178°85 490 500 510 510 

28. 373 5177°60 640 600 455 460 460 475 

29. 365 5177'39 540 540 432 435 443 450 

30. 355 5177°38 500 © 500 478 483 488 485 

31.345 517722 «860-560 523510585 

32, 335 517713 «700.» 700° * 498 += -538.-S 538545 

Ba 1g36 517704 496-496 «525520528 S83 

34.315 517696 = 500. 500 510.483. 483 465 

35. 305 5176'87 500 505 4184333 

36. 295 517678 516520. 513° 518 S523 

37, B85 5176°70 514495485495, «300 

38.275 5176°66 * 580 610° 650 > -=560 

39, 265 5176'60 PRES GO p51 BART gag, a Bag 

Ae eM Sipe. eng aaog:  aete enen Coe 

aes siren a0 ag. 610 620° 635 a5 

42, 235° 517646 740 514 + 549 535 540 ~ “550 

3. 225 5176'40 TAO Ta 768. gag arn 
44. 215 5176°40 560 550 580 «59359 


ee 
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N-o- XL I—conid, 
pa Ee se er a 
Be nh 12 13 14 15. 

7600 7615 7815 7410 

7955 8125 7835 7410 

7921 8677 7680 7390 7556 6680 
9750 10040 ~ 9315 10125 10269 9790 
7376 $324 7645 6925 3231 7220 

* 8250 8350 8263 8675 8246 7865 
* 000 8160 7219 6940 €906 6990 
7144 6465 6719 6830 

* 5824 7524 7075 7060 7188 6350 
6222 7866 6475 6655 6281 6430 
7100 8400 6555 6315 6375 6405 
* 6900 7150 7205 7105 7463 6800 
7376 7750 6940 6890 7025 6915 
7950 8550 6655 6965 6256 6575 
7380 7500 6915 6695 689 6580 
6700 7940 6265 6125 6113 6155 
5820 5900 6045 6115 5994 5550 
638) 7400 6605 6690 6188 6045 
6630 7720 6490 6500 6781 4405 
9380 9620 2000 8120 8:75 7425 
7320 7580 8100 8020 7588 7260 
3120 9620 7330 7290 6794 6470: 
8080 12000 7800 7820 7563 6930 
9780 8280 7750 7790 7594 7050 
* 8920 9220 8355 8265 7900 7095 
* 7000 7500 7645 7500 7774 6300 
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TABLE 


et a a ES 
j 20 21 


16 


17 


19 


SI. No. i 
Ji 3 ee Se SS ee 


19. 


24. 
25. 
26. 
27. 
28, 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. ~ 
37.° 
38. 
39. 
40. 
41. 
42. 


43, 
44, 





13°02" 


11°89 © 


11°71 
11°78 


97 


13°15 


13°80. 


13°16 
11°64 
15°38 
13°40 
11°64 
12°50 


12°36 


15°7 
101 
13°2 
120 
12'5 


14°27 
12°24 
13°29 


11°92 


13'1 

15°55 
15°50 
13°84 
12°22 
15°12 
15°88 
11°80 
14°34 


14°29 


118 


18°7 


161 


12°4 


13°39 - 


14°4 
14°28 
15°17 
15°07 
13°22 
13°36 
12°92 
12°28 
11°99 
12'7 
13°11 
13°79 
119 
12°4 
12'7 
14°3 
11°0 
13°9 


12°01 
12°93 
14:1 

14°47 
14°52 
14°71 
13°41 
12°94 
12°65 
12°00 
14°62 
13°03 
13°40 
13°31 
131 

129 

12°6 


145 


106 
12'9 


166 15°6 
15:7: 151 
14°72 12°84 
11°56 11°06 
12°32 12°03 
10°80 11°7 
12°01 12°1 
13°0 13°9 
14:1 12°4 
13°65 13:53 
14-40 14'23 
15°3 14°02 
13°11 13°43 
11°70 12°07 
13°20 12°23 
12°65 13°23 
13°82 13°43 
12°52 11°55 
13°69 11°29 
12°73 13'26 
11°8 11°3 
12°3 135 
119 11°0 
14°0 12'8 
10°9 Q°5 
13°1 10°8 
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—_2? eee 
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22 23 24 25 ae 
5151°8 5152'1 51515 5152°9 
5152°0 51519 51535 
5161°2 5160°7 51567 51605 435 Pohru Mouth 
51572 5159°6 51696 5157°7 
51569 5158°0 51577 —-5157°6 420 Doabgah R. B. 
5155°4 51587 51557 51571 Nallah Vij R. B 
5157°7 51595 5153°1 5159°0 
6160" 5160°2 51606 51618370 village Darpora L. B. 
5158°1 51593 51504 5159°9 
5153'S 5159°5 5158°7 51597 
5158°9 5159°6 5159°7 51611 
5156°8 5158°4 5159°0 
51560 5157°8 5157°5 5159°0 
5152'L 5153°7 5151°8 5153°6 
5150'1 5150'1 5146"1 5145°1 
5149°2 5149°5 5150°1 51526 Curved Reach 
5156'5 52535 5154°5 5155°7 
5155'8 5157°0 5157°3 51576 
5158°4 5159°2 5159°5 
51608 5155°6 5154°1 5160°0 
5163'1 5154°5 5154°2 5155'1 
5156°6 157°8 5158°1 51592 
5154°7 5158°2 51554 5158'1 
5156°4 51597 5158°0 5160°1 
5175°0 5153°7 5158°7 51618 
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oe Pp aee : TABLE 
es oe ee 

ares a A 4 5 6 7 8 9 

4 oie 51763 625 625 60 620 
a 195 517623 “70 745 703 590 700 
a 195 517630 670 677 630 «= 623 625 
48. 175 5176'10 510 6 540 530585 528 
49. 165 5176'04 710 695 695 633 698 
50. 155 5175°97 558 4860535 «2S («556 «560 545 
51. 145 5175°91 534565 54550 570 
52. 135 5175'81 630 430» 428523 430 
53. 125 5175°67 60 633-625 705 
54. 115 5175'35 595 «678586590 
55. 105 5175°39 550 545 547 550 
56. 95 5175°25 48 535 476 485 
57. 85 517512 550 = 505) 520 525 
58 75 5175°04 BIS. Arb! ©2805 505 
59. 65 5174°96 590 625 623 6.5 
60. 55 5174°88 555 621—«582 5s0 
él. 45 5174'80 395 390 381 385 
62. 35 5174°72 490463490465 
63. 25 5174'63 425 400 400 415 
64. 15 517455 440 440 430 425 
ee sais 545530520537 


a ear ir acne sectren me aa 
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No. X L I—contd. 

+310 ee 11 12 13 14 ES 
eee AD 8615 8620 8906 7655 
“2RGg9 334 8615 8320 7214 7500 
“Tghag gogo 8270 8140 7010 6970 
“P7560 S000 7830 7545 7385 6310 
"7380 8630 8105 7630 7580 7200 
"7080 "8320 8680 7645 7260 7355 
* 7000 ' 7780 7290 © 8045 7620 6970 
7640 7180 7065 6705 6525 
8650 8825 8505 8750 

8315 8550 8065 8280 

7420 7390 7290 7450 

7635 7523 7230 7130 

8280 7865 7750 6955 

7273 7390 7210 7200 

7780 7805 1675 7760 

6080, ., 8000 7525 7840 

6690 _ 6710 6780 6130 

7030 7015 ° 7130 6220 

7400 6955 6805 . 6810 

7025 6795 6625 6295 





7645 7050 7105 6805 
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TABLE 
i <u Se ae ee 

6 13°78 13°79 14114 12'36 

re 11°46 12°01 11°88 1209 1228 . 1271 

e 12°30 13°84 12°22 12°22 12°54 1145 

48 13°5 16°18 14'50 14:24 13'8 1495 

49 11°39 12°23 12°10 10°98 1110 = 40°33 

50 12°77 14°78 14°92 13°75 12°96 13°75 

5] 13°67 14°57 13°49 15:21 13°61 12:23 

52 1213 16°69 16°69 15°85 15°16 
53 12°54 12°36 13°61 12 41 

54 13°97 14°79 13°76 14°03 

55 13°49 13°56 13°56 13°54 

56 15°79 14:12 15.19 14°90 

57 15 35 15°57 14°90 13°24 

58 13°36 15°55 14°27 14°25 
59 14'88 12°48 12°31 12°41 

6c 14°45, 12°88 12°92 13°28 
61 16°93 26°2 17°79 15°92 

ee 14°81 15'15 15°63 15°37 | 
63 17°41 17:38 17°01 16°40 | 
ee 15°96 15°44 1540 1481 | 


65 14°02 12°33 13°66 = 12°67 | 
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No. X L I—concld. 
ee ee SS 5 ee oe 
22 23 24 25 





2 26 
5153'2 5157°3 5159°2 5160°5 
51565 5157°0 5157°9 5159°4 
515699 5158-7 5158°4 5160°5 
51539 5157-1 5158°4 5158°5 
5150°4 5154°3 5152'8 5154'0 
5152 5 154°7 51549 51546 
5154'3 5154'8 5155°4 51565 
5153°7 5154'5 5154°0 5155'9 
5156°9 5155°9 5155°9 5156'4 


5155°8 51536 | 51557 5155'1 
5153'8 51525 5151°9 5151°9 
5156°3 5155°5° 51552 «51568 
5150°5 51508 = 51508 5154-7 
5152'8 5152'1 51528 5154-2 
5153°8 5155°3 5154°8 51572 
5154251540 5153°3 5153°6 
5150 51513 5151°6 5153°7 
5155'7 51552 51557 5158°0 
51473 45148°5 5148°4 5150°4 
5150°6 51503 -5143°4 5158-2 


5151°9 5152 2 51528 5153°8 
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TABLE XLIII 
Water Surface Slopes in the Outfall Channel During 1917 and 1928 














at Chain to Chain June July 
1917 

1, 160-187 B.B. B. : lin 290 lin 290 

2: 150-160 3 lin 670 lin 763 

35 127-150 os lin 1,577 lin 1,€66 

4. 67-127 a lin 2,841 lin 2,941 

5. 10-67 - Lin 4,576 lin 5,062 

6. 0-10 a lin 2,650 lin 3,53 

7. 0-15 A.B.B. lin 3,400 lin 2,625 

8. 15-47 5p lin 7,033 1 in 10,080 

9, 47-79 x lin 8,900 lin 8,538 
10. 76-138 i lin 6,574 1 in 12,600 
ll. 138-220 a8 lin 8,230 lin 9,200 
12. 220-288 fi 1 in 11,450 lin 11,450 

1928 

1. 65-125 B. B. B. : lin 2,715 

2. 15-65 ” lin 3,675 

3. 5-15 " lin 2,500 

4, 15-45 A.B. B. lin 1,200 

5, 5-16 ‘ Lin 5,882 ° 

6. 85-145 ® lin 7,600 

7. 45-85 x 1 in 12,500 y 
a 143-225, 1 in 16,122 a 
9. 325.225 st 1 in 15,625 
10. 435-325 D lin 6,400 
lL. 475-435 3h : 1 in 10,000 | ata 
ie 645-475 Pe 1 in 19,000 iieel 

| 








Note. —A. B. B.= Above Baramulla Bridge. 


beds 


B. B. B.=Below Baramulla Bridge, ; ee 
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u TABLE XLIV 


Water ie a ees see Slopes in the Outfall Channel During 1950 








ae Chain to Chain 
1. 65-125 B.B.B 
oF 10-65 Fr 

3. 5-10 Ht 

4, 5-15 A.BB. 
5, 15-45 Fs 

6. 45-80 a 

7 80-140 s 

8. 140-220, 

9. 220-320 3 


June 


lin 2,460 
lin 2,434 
lin 2,500 
lin 14,300 
lin 14,300 
lin 14,000 
lin 15,000 
lin 13,560 
lin 12,820 





Note.—A. B. B.=Above Baramulla Bridge. 
B. B. B.=Below Baramulla Bridge. 





TABLE XLV 


Silt Index of the Outfall Channel 


—_—_—————————————————————— 


Particulars 





Lake Silt half a mile above Riis Nallah 
Ningle Nallah 
Sopore 


Pohru mouth 





Half a mile below the Pohru mouth . 
Vij Nallah 5 eee 
Dakil Nallah 
Baramulla 
Dock site 
Khanpur 
Hajabal Nallah ... 
Naranthal Nallah 


Khadanyar ae ab 


Mean Diameter in mm- 
eS ee ee 
0°0854 


1°6326 
0°6627 
0°73 
13°51 
16152 
2°0058 
11°40 
17°21 
36°25 
7°10 
17°28 
38°40 
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Fig. 98—Silt Index Plan of the Outfall Channel. 


303 


CHAPTER NINETEEN 


THE FLOODS IN THE 
OUTFALL CHANNEL 


Floods in the Outfall Channel 


As the water level in the Wular lake rises due to ficcds in the 
Jhelum river, the discharge in the outfall channel also increases. 
However, the conditions of flow in the outfall channel are not 
solely regulated by the lake levels, The most important tributary 
of the outfall channel, the Pohru river, also swells up considerably 
during the floods. The facts that the floods in the Pohru river do 
not generally synchronize with those in the outfall channel and 
that the Pohru brings a heavy sediment charge and its flood level 
is higher than the lake level, cause complications in the conditions 
of the flow in the outfall channel. 


Conditions of flow in the Outfall Channel when the Pohru River 
is in Flood : 3 


The conditions of flow in the outfall channel when the Pohru is 
in flood, have been investigated. The floodsin the Pohru-do not 
generally synchronize with the floods in the outfall channel. The 
Pohru rises in April and remains at a high level during May and 
first half of June. It is in this period that floods are experienced 
in the Pohru river. During the months of July, August and 
September, the Pohru river is at a low level. This will be evident 
from an examination of Table XLVI. For comparison, the gauges 
at Sopore for. the corresponding periods have also been given in this 
table. When Pohru is in flood the lake level is very low as the 
discharge of the Jhelum during April and May is very small 
Under these conditions reverse flow takes place from Doabgah t 

the lake. Thisreverse flow takes place with a very steep sl : 
which is generally of the order of 1 in 2,000 to 2,500, Wate ie 
slope for a certain Period between the Pohru mouth and S sii Nd 
have been plotted in Fig. 99, It must be Mentioned that Sefere 
gauge is not the gauge for the lake. The lake is at a little higher 
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level than the Sopore gauge level. Since the lake levels are not 
available, Sopore levels have been taken for comparison. 


With this steep slope a considerable amount of sediment flows 
from the Pohru, into the outfall channel and to the lake. The 


sediment of the Pohru consists of coarse sand, gravel and shingle of 
| 3” to 4” diameter. 


| This reverse flow in the outfall channel from Doabgah to the 

: Wular lake has been recorded in the gauge register of 1S08 and 

1910 of the Sopore Bridge Site. For reference the remarks made by 
the observer are reproduced below :— 


TABLE XLVI 


Kashmir Valley—Sopore Gauge Register 
April, 1908 and March, 1910 





Datea Gauge at| Reduced 





Sopore level Remarks 
April, 1908 
i 7°30 5165°38 Pohru nallah had made its way upto Ningal. 
6. 8°30 5166°38 Pohru nallah had made its way upto Wat!ab. 


10. 12°50 5170°58 Pohru nallah had made its way upto Ningal and 
cutting bund of Tar Zeva, water rising in the 
nambal at 10 A.M. 


13. 1470 518178  Pohru nallah had made its way upto Ningal. 
March, 1910 
20. 85 5175°53 On account of rain, the Pohru nallah had made its 


way upto Hartar. 


28. 9°9 5176°98 On account of rain, the Pohru mallah had made its 
he _ way upto Ningal. 


nee 
Note :—The levels are based on old Kashmir value. To bring it to the present 
value, 90 are to be added. 

Similarly when the Pohru is in flood with a low level in the 
outfall channel, the water of the Pohru’ will also flow towards 
Baramulla. The Pohru flood water, heavily charged with sediment, 
will flow both ways—to Wular lake as well as to Baramulla. The 
water surface slopes of the flood water of the Pohiu towards 
Baramulla have also been worked out. Values for the minimum 
and maximum gauges at Baramulla during 1948 are R. L. 517170 


and R.L.'5176'27 respectively. 
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_ For the minimum water level at Baramulla 





Pohru flood level = RL. 5187°77 
Minimum water level at Baramulla eRe ee OLi1s70 
; Drop 16°07 feet 
Slope = lin 2707 


For the highest gauge of August 1948 at Baramulla 


Pohru flood level g = R.L. 5187°77 
Maximum water level at Baramulla = RAL. 517627 
Dace 115 feet 
Slope = 1in3782 


~~ 
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Fig. 100—The Water Surface Slopes in the Outfall Channel (Sopore to 
Baramulla) During the Flood of 1928. 
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Fig. 10I—Water Surface Slopes of Different Reaches in the Outfall Channel During the Floods of 1928-50. 
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When the Pohru is in flood, the water surface slope between 
Doabgah and Baramulla varies between 1 in 2,7C0 tol in 3,800. 
The coarse sediment load brought by the Pohru river is dropped 
into the outfall channel towards Baramulla also. 


Conditions in the Outfall Channel When There is no Flood in the 
Pohru 


When there is no flood in the Pohru and the outfall channel 
flows with a high lake level, which are normal working conditions, 
the water surface slope in the channel between Sopore and Seer 
is of the order of Lin 15,000—30,000. This slope is much flatter 
than the reverse steep slope of 1 in 2,090 which is imposed on this 
part of the channel on account of flood in the Pohru. The quantity 
of sediment transported by the direct slope is much smaller than 
that by the steep reverse slope due to the flood in the Pohru river. 
Thus, silting up of this portion of the outfall channel takes place. 


Similarly, the water surface slopes from Seer to Baramulla, 
with a high discharge in the outfall channel, for the months of June 
to September 1948, are of the order of 1 in 10,000 tol in 15,000, 
This slope is also much flatter than that imposed on the 
outfall channel on account of the floods in the Pohru river. 
The sediment load brought by the Pohru river during floods at a 
water surface slope of 1 in 2,700 to 3,800, cannot be transported by 
the much flatter normal water surface slope of 1 in 10,000—15,000 
of the outfall channel. This causes the deterioration of the outfell 
channel from Sopore to Baramulla. The conditions of flow in the 
outfall channel when Pohru is in flood, are illustrated in Fig. 100. 
The water surface profile of the outfall channel during the flood of 
1950 is given in Fig. 101. 


Damages 


The deterioration of the outfall channel has resulted in the 
reduction in the discharging capacity of the channel. The floods 
are not carried away by the outfall channel quickly, and conse- 
quently, higher flood levels in the lake are experienced. Since 
considerable reclamation work has been undertaken by the Govern- 
ment around the lake, the high levels are detrimental to reclama- 
tion. Crops are submerged, inhabitation are inundated and roads 
are damaged. All these conditions contribute to the upsetting of 
the State’s economy, 


CHAPTER TWENTY 


THE PROBLEMS OF THE OUTFALL 
CHANNEL AND THE MEASURES 
ADOPTED IN THE PAST 


The Problem 


The problem of the outfall channel is solely one of drainage. 
The flood waters as they collect in the Wular lake and in the 
depressions in the lower part of the valley, are held up, as the 
capacity of the outfall channel, which. is the only. and ultimate 
drainage of the Kashmir Valley, is not so large as to drain them 
out quickly. The capacity of the outfall channel is small and is 
also deteriorating progressively. Under these conditions, drainage 
of the Wular lake and other depressions is considerably delayed. 
Vast tracts of cultivable lands remain submerged under flood water 
telling upon the very roots of the economy of the valley. The 
key to the solution of this problem lies mainly in the improvement 
of the outfall channel so that flood water is conducted out of the 
valley spzedily and, also, the water collected in the low-lands is 
drained off quickly thus resulting in considerable lowering. of the 
flood heights in the valley. 


Measures Adopted in the Past 


The importance of the outfall channel in the drainage system 
of the Kashmir Valley has been recognized since very ancient times. 
All the measures so far adopted have sought to bring out the 
improvement of the outfall channel by lowering the dam at 
Khadanyar and also by increasing the slope, velocity, and, therefore 

the discharging capacity of the outfall channel by dredging, 


Some of the measures to improve the draining capacity of the 
channel adopted during the reign of some of the most illustrious 


kings of the land have been tecorded in the history of the valley, 


—— 





— 
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A few of them, more significant and illustrative of the lines on 
which the drainage problem of the valley has been tackled in the 
Past, are given below. 


Suyya's River Regulation at Khadanyar 885-883 A.D. 


In the later half of the ninth century A. D., frequent disastrous 
floods, followed by famines, occurred in the ‘valley. The ‘problem 
of proper drainage of the valley was taken up seriously by’ 
King Avantivarman!, Suyya’, a talénted Engineer, proposed an 
elaborate scheme for the drainage of the valley. The scheme 


among other proposals included an Operation at Khadanyar 
consisting in :— 


“ Clearing the river bed of the choked outfall channel at 
Khadanyar by removing the large stones brought from 
the. neighbouring hills, cutting out the rocks which Pro- 
jected into the river bed and obstructed the flow.” 


The proposal was accepted by the King and necessary funds 
were allotted for the works. Suyya started his Operation at’ 
Dyargul, the present Khadanyar. First of all,a part of the rocky ™ 
spur which projected into the river bed and obstructed the flow 
was removed. This operation ‘effected considerable ‘lowering of 
the water level. Then a stone dam was constructed actoss the bed 
of the river at Khadanyar and water was held up for a week. The 
river bed which was rendered dry below the dam was cleared of 
all the debris and large stones which had rolled down from the 
hills and blocked the channel. In addition to this, retaining walls 


were constructed at the sides to prevent the rocks rolling down. 
into the river bed. 


Apart from a general account given by Kalhana?, no details 
are available as to the exact level of the cutting of the rocky bed 
or lowering of thé general: bed ‘of the river.-- Tribute, however, 
must be paid-to the great genius and engineering skill of. 
Suyya. No record, whatsoever, is available as to the result of his 
Operations. 


Dredging of the Outfall Channel and the Pohru River and the Lowering 
of Temporary Dam at Khadanyar—1907-1919 


. Very heavy floods occurred in the years 1895 and 1903. The 
river overflowed the banks and the whole valley became one vast 
sheet of water. Szveral human lives were lost. The loss of cattle= 
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and crops was immense and heavy damage occurred .to mee 
property at both the times. ‘The frequent DE CHEECHE? fo) ese 
heavy floods accentuated the necessity of finding as) ae to 
drain the valley sufficiently, as to lower the. flood leve ee to 
prevent the river from overflowing its banks. The Lg: or fe " 
the gorge at Khidanyar appeared to block the outfa cl anne ge 
it seemed that the solution of the problem: lay in its removal. 
Besides the removing of the dam it was also : considered essential 
to clear of the outfall channel from the debris and boulders and 
stones, brought by the hill torrents below Baramulla, and the 
coarse sand and grit deposited by the Pohru in the channel above 
Baramu'la. These measures, it was expected, would lower the 
high flood levels and reduce inundation of the valley. 


The operations were started in 1907 and continued upto 1916. 
.First ofall, the dam at Khadanyar was lowered by 12 feet and then 
the dredging of the channel was started to make the new bed on a 
slop2 of 1 in 6,666. The whole of the river width was not dredged. 
The dredging varied from place to place as considered necessary. 
There were generally three cuts each 50’ wide.. At places there 
were only two cuts, still, at other places, there was only one cut. 
The material removed from the bed was dumped at the sides: 
within the discharging area instead of depositing the spoil clear of: 
the channel—Figs. 102 A,B,C. The efficiency of dredging was 
considerably reduced on account of the necessity of depositing the 


spoil on the berms. 


Efficiency of the Process Adopted for Dredging 


Generally, a wide and shallow channel was converted into a 


narrow and deep one. In several cases no marked advantage. 


resulted as the area did not materially increase, only the maximum 
depth increased. Although the maximum depth inereased con- 
sideribly —Fig. 103, the average depth was only slightly greater than 
the original depth. At places, there was reduction in the area of 
the channel. as greater material than that excavated was dumped 
there. Table XLVII shows the efficiency of the process of dredging 
at difterent points, The efficiency has been worked out from the 
relation i peas 


a 
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QUANTITY REMOVED FROM THE DISCHARGING AREA X 100 
QUANTITY DREDGED 


. xO, 
The efficiency, on the average, varied between 30 to 65%. 


The Result of Dredging 


Results of. dredging are given in Table XLVIII. The cross- 
gections for certain important sites before and one year after dredg- 
ing, are compared. The deep channel at most of the places formed 
by dredging became filled up in the first year after stopping the 
dredging. The material which was dumped at the sides in the 
discharging area was eroded by the current and became deposited 
again on the bed. Besides the silting up of the channel by the 
dredged material, the channel was also silted up by the material 
brought by the outfall channel. 


The Pcohru river also behaved in the same manner similar to 
‘that of the outfall channel. One year after the dredging was 
discontinued, the river bed silted up to its original level and in 
many cases more than that, as the silt charge brought by the Pohru 
river was very high (Fig. 104). 


The silting up of the channel in the first few years after the 
dredging was much greater than that in the subsequent years 
(Table XLVIII), being maximum in the first year after dredging. 
If the spoils had been deposited ata place, clear off the channel, 
the life of the increased discharge capacity channel would not have 
materially increased, as the channel would undoubtedly have silted 
up after the dredging was stopped. When sediment brought by 
the tiver and its tributaries is so great that it silts up the bed 
heavily in a short period, dredging does not appear to be an effec- 
tive remedy for dealing with this problem. It js not a suitable 
measure for increasing the capacity of the channel. Unless'the 
transporting capacity of the channel is increased the dred ing 
cannot be of any help. The deep bed made in the channel situs 
in a short time to its original level or even toa higher one. ; 


Lowering of the River Bed at Khadanyar 


Besides dredging the outfall channel, the river bed at Khada 
was lowered. Before Starting lowering of the bed an yee 
tion regarding the geological strata was made, Denbence of the ho 
were made to find out the nature of the strata constituting the bed 
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; TABLE 


Hydraulic Element of Outfall Channel 


; 
Conditions Before Dredging 

















S.No] Chain No. W.S. Width oaks belewe red 
H.W. L. 

1 | 2 3 2 ‘ 

1. 421 580’ 18’ sale 
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No. XLVIII 


Before and After Dredging 


Conditions Just After Dredging. ay 
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. 9540 560° 270° 1319 
8916 560° 270" 13:12 
9841 sou" 28°0 12°40 
_ 8422 720". 28'5/ 12'18 
_ 8064 ee ar age 28°0' 19°35 
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10. 
11. 
12, 
13. 
14, 
15. 
16. 
17. 
18. 
19, 
20, 











Sie aN pate 
10 11 
2448 sq. ft. 897 
7884 79 
7600 —425 
8384 64 
8192 0 
8150 —298 
7844 —757. 
8240 —336 
8308 524 
8330 —463 
9032 72 
10240 1216 
12006 1650 
13644 3225 
15108 3908 
7384 —2156 
7347 —1569 
9920 79 
8768 346 
8320 256 


Percentage 
Increase 
of Area 

as a ‘Result 

of Dredg- 
ing 


—3°53 
—8'80 
—3'92 
—5'93 
5:26 


—13°4 
—15'9 
—30°9 
—34°9 
—22'6 
—17°6 
—'08 
—4'l 
31 


WwW. S. 
width 


580’ 
580’ 


620’ ° 


660’ 
640’ 
€80’ 
720’ 
760’ 
846’ 
920’ 
680’ 
680’ 
800’ 
720 


440’ 
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depth 
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H. W.L. 


21°5° 
21°5" 
21°5’ 
20°5’ 
22'5’ 
23'5’ 
24°5’ 
23°5’ 
23°0’ 
21°0' 
26'0’ 
27°0’ 
28°5’ 
27°5’ 
27'5’ 
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C. went Gre dias % age Remarks. H.W.L, 
Section silted 
up 
: 1. Col.11=Col. 10-Col.6 5169°69 
a a : &, 2. Col.12=Col.11x100 —_5169°70 
| Col. 6 
| we = 3. Col. 18=Col.17x100 5169-72 
Col. 10 
5169°75 
ez e 5169°77 
13°46 7807 ~1343 —42 5169°80 
13°70" 7946 —102 13 5169°82 
13°28 8233 =7 00 5169°85 
12°60 8064 244 29 51€9'87 
12°70 81280 202 —2"4 5169'90 
12°88 8658 ~374 41 5169:92 
13°00 9360 —880 87 5169°95 
13°4 10184 —1822 —15'1 5169°97 
13:1 11004 —2540 194 5170-00 
14°61 13441. 1667 —11'0 5170102 
149 10132 —2748 —37'9 5170-05 
12°91 8779 —1432 195 5170-07 
135 10800 —1580 —15'9 5170-10 
1283 , 9238 —470 53 5170'12 
19'5 8580 —260 —3'2 5170°14 
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22. 
23. 
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26. 
27. 
28. 
29. 
30. 
31. 
32. 
33, 
34. 
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36. 
37. 
38. 
39, 
40. 
41, 
42, 
» 43, 
44, 
45. 
46, 
+ 47, 


49, 
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442 
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610’ 
560° 
510’ 
520° 


44d 


445 
410 
411 
412 
413 
405 
406 
407 
408 
409 
414 
415 
416 
417 
418 
419 
421 
422 
423 
424 
425 
213 
242 
241 
246 
245 


620’ 
360’ 


380" | 
400’ 


400’ 
300’ 
320’ 
360’ 
360’ 
380’ 
435’ 
530’ 
£60’ 
550’ 
520’ 
490’ 
58) 
500’ 
510’ 
520’ 
520’ 
310’ 
580 
560’ 
320’ 
320° 
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265 
26:0’ 
275 
28°5'. 
270 
70 
10°5’ 
110’ 
11:5’ 
9-0" 
95" 


11:5’ 


11:0’ 
10°0° 
115°5/ 
19:0’ 
21:5’ 
23°0’ 
22:57 
22:5’ 
230° 
23:55 
19°5’ 
18°5’ 
18:0’ 
14:0’ 
17:0’ 
16°5’ 
14:0’ 
135’ 


WALLEY 


13°64 
14°90 
15°69 
15°38 
12°68 
4°72 
7:05 
78 
795 
64 
674 
81 
79 
745 . 
95 
10°75 
10:9 
105 
11 
11°88 
13°02 
11°08 
11:08’ 
12:1’ 
11:9' 
10°6’ 
i) 
97 
11-2 
109 
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6 7 
8320 630’ 
8345 560’ 
8000 530’ 
8000 520° 
7859 620° 
1699 330° 
1669 400’ 
3120 400’ 
3180 420’ 
1920 360’ 
2048 380’ 
2916 36)’ 
2844 400’ 
2831 400’ 

4123 435’ 
5698 560’ 
6406 580’ 
5755 560’ 
5772 520’ 
5821 510’ 
7552 530’ 
5540 520° 
5651 530’ 
6292 520’ 
6188 550’ 
286 520’ 
4582 580’ 
"4462 490’ 
3584 520’ 
3488 540’ 


28°0’ 
28:0’ 
28°5’ 


* 28:5’ 


28:0' 
14:0’ 
16:0’ 
16:0’ 
15:0’ 
15:0’ 
14:5’ 
18-0’ 
17-0’ 
17-5’ 
15:0’ 
22:0’ 
22:0’ 
23:0’ 
23-5’ 


22°7 


+2707 


21-5’ 
20:0’ 
19°5’ 
19:0’ 
165’ 
16:0’ 
16°5’ 
165’ 
165’ 
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15°64 
15°24 
15-09 
15:38 
13°67 
8°55 
11:05 
11°65 
10°65 
12°6 
9°05 
12:2 
118 
115 
9:8 
13°71 
13°4 
14°6 
16°3 
14:46 
15°94 
14:15 
12°40 
9°7 
12'5 
11:8 
114 
12:3 
12:1 
115 
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Soph tel aioe wae a 
21. ; 9855 1536 as 

22. 8537 192 ee 

23. 8000 

24, 8000 

25, 8473 614 Brie 

26. 3249 1550 —90°2 395° vols 
ai. 4420 1751 = PoE ay: wank 
28, 4680 1540 —49°3 400° 15'5’ 
29, 4260 1080 —33°9 cue ey 
Ad Ea ple 1362 380’ 15°0" 
31. 3139 —1391 67-9 ou By 
32, 4392 —1476 50-0 360°4 17°0° 
33, 4720 —1876 66'0 400’ 17°0’ 
34, 4600 —1769 62°5 400’ 17'5’ 
35. 4253 —130 3:2 435’ 15:0 
36. 1678 —1980 34-7 560! 22:0" 
37. 7753 —1347 21:3 580! 22.0 
38. 8160 —2405 41-8 560’ 23°0" 
39. 8476 —2704 46°8 520° 23'0 
40. 7630 —1809 31:1 510’ 21:5" 
Al. 8449 —897 119 

42, 7358 *—1818 32:8 520 19-5’ 
43, 7090 ~1439 25'5 540! 20°5' 
44. 5044 —1248 19°83 aot 20°5’ 
45. 6875 —687 M1 550’ 12°0° 

i 46. 6136 2850 870 520’ aie 
47. 6612 2030 44-4” 580’ 150’ 
48, 6027 —1565 35'1 520° 15°5' 
49, 6292 —2708 75°6 500’ 12:0 
50, 6210 —2722 78'0 ° 540° - aysr 
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| 15 | 16 | 7: | 18 | 19 20 
5170-15 
5170°16 
5170°17 
517017 
5158°19 

8°55’ 3249 ce a 5160-91 
11°50’ 4600 —180 —4'07 5160-93 
11°45’ 4580 — 80 17 5160°94 

8°35’ 3340 —920 Bis. 515811 
131 4978 —442 9-7 5158-12 

915 3477 2238 aS 5161°30 
11:8" 4248 141 3°3 5161-32 
11°45’ 4380 —140 30 5161-32 
11°75" 4700 —100 22 5160-26 
o1 3059 —294 69 5168-20 
12°96’ 7258 —420 54 5168-21 
13°30‘ 7695 — 58 ‘74 5168:22 
14°5’ 8120 — 40 48 Re 
IS¥ 8008 —468 55 = 
14-1’ 7178 —432 59 

5168:23 

1246 = 6479 —879 119 5168-24 
11°28" 60S0 —1000 141 5169°69 
12'6 6552 —1508 29'8 5167°23 
80’ = 4160 —1976 32°2 5167-25 
8:0 4160 —1976 32:2 5167-29 
9-4’ 5452 _—1160 173 5167-28 
10°9’ 5668 — 359 59 5158-1 
Te! 3744 2548 40°4 5161-44 
76 4104 —2106 355 


5161-43 
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51. 244 320’ 13°5’ 11-0 
52, 240 500’ 19:5’ 10°5 
ee 239° 560’ 195’ 10-2 
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55, 237 480’ 175) 10°7 
ae 236 560’ 165’ 10°3’ 
51. 235 560’ “Ars 10°2’ ° 
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: o p50 430° 19-0’ 145 
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e ae eet 145° 11.5 
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4, 2 730 14-0" aa 
65. 3 660’ ise ne 
66. 4 630" des, ie 
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3520 520’ P 17°0’ 115 
5250 560! 17-0 - 130 
4692 520’ 17:0’ ee 13°9 
4888 520’ 17:0’ 140 
5136 510’ 17:5’ : 141 
4738 510’ 18:5’ 153 
4692 440’. 1757 10°6 
6644 500’ 19-0 14:2 
7400 520° 19-0" 1455 
6960 . 580’ 19°35’ 151 
6020 620 19-5 15°4 
3630 490’ 160 11°4 
3680 : 520" 17-0 12°0 
6410 j 520’. 2555 15°9 
6600 500° 25:5 1€2 


“6426 510’ 24°5, 145 
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Y : 560’ 16:0’ 
52s ae 7280 —2030 38°7 
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=a x4 540’ 16-0 
cof tg TEN +2055 40°0 - 3 
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3 , ak 4£0’ dd 
57. * 4664 98 —06 — 
58, = = 7100 2456 69- - ated 
ae area én ito2 540° i Jam 
- 99K es 2 560’ “Be 
60, 8758 51798 258° & pl 
61: 9548 3508 5:9: 590’ Se 19°0" 
£2. 5586 —1906 51? Bae ad 
63. 8240: +2560 60167 500’ 12'5’ 
: 8238 
64, 8268 “1858 2% 2 520’ 2 aS 0’ 
65, mee , 
8100 —1500 23d)? oo , 70 


5 “5969 15*07° 520’ 22-330" 
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15 | 16 | 17 | 18 | 19 | “20 
73" 3723 —2257 37°7 5158'17 
1-7’ 6552 —628 86 5158°16 
110” 6148 —1080 149 515814 

gee 
119" 6188 —1092 15°0 haf 5161°42 
12'2": 6538 —1603 8:3 e peu 
{ 
14°2’ ; 7384 —149 5°3 a . B161°40 
12°2’ ' 5856 —1192 255 5161°38 
Wy’ 6133 —912 123 5161'33 
| 
Wl’. , 5994 —1546 20°55 _ ; 516132 
16 0; 7434 Zag y 151 516361 
5 v 3 
120°: *7080 —2468 258 5163°60 
a : | 
76° 73648 —1938 34°6 5163'59 
76 «3800 —2440 302 as 5163°38 
oy yer. 
) : 
2 
gs’. | 5096 —3172 38°3 5153°24 
: See Col. 20=Col. 19 x 100 
102 | 5050 —3050 37°6 eee +) BERR 
i Col. 11 
3 Col. 13=Col. 12 
84’ 4368 —3027 40°9 meee 
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The results of the observations made are shown in Table XLII 
It will be evident from these figures that on the top of the original 
bed, there was a sufficient depth of gravel and boulder. At certain 
places, there was no difficulty for the boring rod to go below the 
existing bed upto a depth of 15—20 feet. Mostly the deposit was of | 
loose stones or gravel and no hard rock was met underneath. 
However, at Khadanyar point, there was a rocky bed on the left 
side, underneath the boulder and gravel deposit. At a few points, 
the existing bed wasrocky. A temporary dam (Fig. 105) existed 
at Khadanyar. 


‘The excavation done and the rock removed at Khadanyar and 
above and below it is shown in Figs. 106 and 107, At certain places, 
however, it was not possible to go deeper than the deepest 
existing bed. 


Result of the Removal of Dam at Khadanyar and Dredging of the Outfall 
Channel 


After the dredging operations of the outfall channel were 
carried out for 10 years, conditions in the outfall channel were 
examined. Th2z water surface slopes for different reaches of the 
outfall channel for different years were éxamined. The water 
surface slopes in the outfall channel fof 1916, 1917 are given in 
Fig. 106. It is clear from the figure that upto Baramulla the slopes 
are very flat. Below Baramulla, there is a transition in the slope. 
The slope below Baramulla is five times as great as above 
Baramulla and the increase is very steep. Just below Baramulla, 
‘the river is still slow and calm. The‘ turbulence progressively 
increases towards Khadanyar. : 

Above Khadangar too, the stream is very fast and unlike what 
it is above Baramulla. At Khadanyar there isa rapid witha drop - 
of 67 feet in a length of 2,000 feet. There isa slope of 1 in 700 
above Khadanyar; below that, itis lin 290. 


There is a sharp transition at-Baramulla. Above Baramulla 
the slope is of the-order of 1 in 10,000,-while below Baramulla, it is 
1 in 2,300 to 3,000. The change in the water surface slope is much 
greater at Baramulla than that even at Khadanyar. The first 
controlling section in the outfall channel is at Baramulla and the 
second is at Khadanyar. Above Pohru junction, the water surface 
slope is still very flat. Be 
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106—Lon 


Fig. 


g Section of the Outfall Channel below Baramulla Bridge showing portion dredged 


and under operation. 
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An examination of the water surface slope experienced in the 
outfall channel (Fig. 101) clearly indicates that surface slope 
between Khadanyar and Baramulla became steeper after dredging. 
The slope between Baramulla and Sopore, however, was only 
slightly affected. These were very flat, far from 1 in 6,666 as that 
originally visualised when the excavation of the outfall channel 
was undertaken. Purves estimated the drop in the water level at 
Sopore due to dredging being four feet for the minimum discharge 
condition and one foot for the maximum flood condition. The 
water levels at Baramulla and Khadanyar corresponding to different 
gauges at Sopore as worked out by him are given below:— 


(a) For a level of 5160°0 at Sopore the gain at Baramulla is 
_1°3 feet and at Khadanyar about 17 feet. 


(b) For level of 5170°0 at Sopore the gain at Baramulla is 
1°3 feet and at Khadanyar about 5'3 feet. 
TABLE XLIX 


Net Increase in Area of Cross-section After 
Dredging of the Pohru River 














Net percentage : 
S.No. | Chain No. Ba Se After Remarks 
CLASS A 
1. 3 1,648 
23 ll 807 
3. 13 1,690 
4, 14 1,408 
CLASS B 
5 5 478 
6. 10 448 
CLASS C 
7. 8 25 
CLASS D 
Sige 7 ; —372- 
9. 9 151 
10. 12 90 


i, 5 ; 501 
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(c) For a level of 5180'0 at Sopore, the gain at Baramulla is 
about 3°0 feet and at Khadanyar 8 feet. 


Tt will thus be seen that in spite of extensive dredging, extend- 
ing over a period of 10 years, of the whole of outfall channel and 
Pohru, excavation of the bed at Khadanyar and removing the 
temporary dam there, the dropin the Wular lake for maximum 
conditions is very slight and the effect of this above the Wular 
lake isnil. These operations.did not produce any effect on the 
drainage of the valley or materially help in the reclamation work 
in the lake area. 


The dredged bed started silting up again by the detritus load 
brought by the tributaries of the outfall channel. The sediment 
_charge brought by the Pohru was so great that it not only silted up 
its own dredged bed very quickly but also reformed the sediment 
bat. The net increase in the aréa of cross section after dredging of 
the Pohru river is given in Table XLIX. Conditions of the outfall 
channel near its junction with the Pohru river are given in 
Table L. Similarly the torrents below Baramulla deposited a 


huge load of stones and. gravel in the outfall channel and blocked 
it again. a 


It may be stated that the tate of the annual rise of the bed of 
the channel is not very great- Similarly the Pohru Bar is not 
‘rising further very much; although the rate of reformation imme- 
‘diately after dredging was very rapid. At the same time the bar is 
fairly high and undesirable. 


The whole question boils down to the fact that ° capacity. of the 


-channel is small and should be increased to drain the lake quickly 


‘ 








and to keep the lake levels low for reclamation. 


It must not, however, be alerstoad that increasing the capa- 
city of the outfall channel.or draining the, lake to a low level will 
mitigate the floodings at. Stina gar. or near about, Floods-at Srinagar 


are not at all affected by either the lake level or the. _ discharging 
capacity of the outfall channel. 
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CHAPTER TWENTY ONE 


-PROPOSALS FOR THE 
IMPROVEMENT OF THE 
OUTFALL CHANNEL 


Causes of the Deterioration of the Outfall Channel 


It has been established beyond doubt that the root cause of the 
‘continuous deterioration of the outfall channel lies in the sediment 
load being discharged into the channel by its tributaries, viz., the 
Ningle, the Pohru and the-hill torrents below Baramulla. 


Due .to insufficient water surface slope, the outfall channel, 
although it takes off from the Wular lake with clear water, cannot 
transport this load. The bed and water surface slopes may be 
wholly or partially improved by dredging or lowering. the dam at 
Khadanyar. These measures do improve the capacity of the outfall 
channel to a certain extent but the effect is only temporary. 
These measures only cure the symptoms but not the disease itself, 
The source of the ills lies in the huge quantity of sand, shingle and 
boulders that is dumped every year into the outfall channel by its 
tributaries. So long as the sediment flow into the channel is not 

checked, no amount of dredging or other measures to improve the 
channel are likely to prove of a lasting value, 


The behaviour of the outfall channel has been studied in 
detail for the past 40 to50 years. A study of data, such as long 
sections of the channel for different years Prepared on the basis of 

‘average bed level, Fig. 108 shows that the outfall channel is 
silting up gradually and deteriorating in capacity. The areas of 
cross-section for the year 1951 show a marked decrease from those 
of the previous years, The Pohru Bar has 
comparison of the capacity of the 0 
discharging capacity of the outfall 
higher levels in the Wular lake 
works in the lake and drainage of 


channel js decreasing, leading to 
and hampering the reclamation 
the valley. A comparison of the 
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YEAR 19795 






Fig. 108—Long Section of the Jhelum River on the Basis of Average Bed levels. 
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tween chain No. 5 and 635 above 
29—1949 is given below :— 
514351000 cubic feet, 


Capacity in 1929 
Capacity in 1949 478852000 


capacity of the outfall channel be 


Baramulla bridge for the years 192 


” ” 


outfall channel during the 

twenty years = 35499000 cubic feet. 

Decrease in capacity per year . = 1774950 as 3 
fas above two million 


cubic feet. 


Total decrease in capacity of the 


The yearly decrease, though very small, grows to alarming 


proportion with accumulative effect for years. 


“THe CAUSES OF THE DETERIORATION OF THE 
OUTFALL CHANNEL 


The main causes of the deterioration of the outfall channel 
which, to begin with, is a silt-free stream, are :— 


(i)' Heavy detritus load brought by the Ningle, th 
river and the hill torrents below Baral e Pohru 


(ii) ‘The insufficient slope of the outfall channel to transport 
the detritus brought to it by-the affuents, 


THE PROPOSALS 


The measures now proposed for the improvement of the outfall 
channel aim at diverting all the sediment brought by tributaries of 
the outfall channel into the Wular lake or checking it from eater 
ing the outfall channel ; and then, by selective dredging eeavins 
all a obstructions, such as the Pohru Bar etc., from the bed of the 
outfall channel. This, it is hoped, 
ae hop will solve the problem per- 

The proposals forimproving the outfall channel are -— 

(i) Diversion of the Ningle into the Wular lake. 


(it) Complete diversi 
sion of Pohru river or s 
ediment 
only into Wular lake, ae 


(iii) Stabilization of torrents below Baramulla 

(iv) Removal of foot bridge at Baramulla . 

(v) Removal of the obstruction caused by Ningle Plantatio 
mn. 

(vi) Removal of the debris from the bed of the outfall channel 
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Fig. 109— Long Section of the Proposed Diversion of Ningle Nallah into Haigam Jhil. 
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I Diversion of the Ningle into the Wular lake 


The Ningle nallah, when in spate, brings heavy sediment 
arse sand and deposits it at its Junction 
with the outfall channel. To save the outfall chenael ete 
rioration due to the deposit of the load dumped into it by the Ningle 
nallah, it is necessary to divert the Ningle stream into the Wular 
lake above the mouth of the off-take of the channel. Since it is a 
small stream, its diversion will not be difficult. A survey has been 
carried out to find a suitable alignment for diversion. A long 
section of the proposed diversion of Ningle nallah into the Haigham 


jhil is shown in Fig. 109. 


consisting of shingle and co 


The diversion should be such that the channel does not again 
cause choking of the outfall channel. The alignment of the pro- 


posed diversion is given in Fig. 110. 


II Complete diversion of Pohru River or Sediment Diversion only 
into Wular lake 

Regarding the Pohru diversion there have been conflicting 
proposals in the past. Purves! recommended that the Pohru 
river should be diverted to the Wular lake, so that all the heavy 
load of sediment material which the river brings is deposited in the 
lake rather than in the outfall channel where it is blocking the 
waterway and decreasing its discharging capacity. It is impossible 
for the outfall channel with its flat slope to transport the coarse 
material brought by the Pohru river. Purves worked out that it 
was quite possible at a small cost to arrange for the sediment 
brought down by the Pohru to be regulated and deposited in such 
a way along the margin of the lake so as to reclaim the lands under 
the lake in the shortest possible time. On this basis he strongly 
advocated the diversion of the Pohru into the Wular lake. 


Tulsi Dass? and Harris*, on the other hand, strongly objected 
to the diversion of the Pohru into the Wular lake as proposed by 
Purves, Amongst other objections they pointed out that it was 
impossible to secure uniform distribution of silt and that the lake 
will be cut into segments, They also maintained that the lake 
levels would remain high all the year after the Pohru was diverted 
into the Wular lake. As the Pohru water during a flood usually 

reaches the lake much earlier: than the Jhelum water, the floods 
in Jhelum will find the lake levels taised for them and fife capacity 


347 


ok 


PROPOSALS FOR THE IMPROVEMENT 


“yy Wesrep OUT YeITEN Q[SUIN FO UWOTSIOAT ay3 JO quamusiTy eAtseUaL au L—oll “Bry. 






BOVITIA ANND BWAUL 
L1200S% LV Xadw AIQHNILING 


«: 
4 


FLOOD CONTROL IN KASHMIR VALLEY 


r of floods shall be reduced. The area 
5; der water toa higher water 
he present bunds around the 
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of the lake as a moderato 
round the lake will be submerged un 
level and consequently, the raising of t : 
lake will be necessary. This will involve extra expense. 
f the Pobru into the outfall chan- 


: 4 osed diversion o .. 
Tulsi Dass’ prop in the outfall chan- 


i ity flow 
nel below Baramulla so that high velocity 
nel would carry all the sediment load brought by the Pohru. He 


estimated the cost of this proposal roughly at Rs. 15 Lakhs. As an 
alternative scheme, he proposed the diversion of the Pohru river 
into the outfall channel at Khojabagh. This proposal was based 
on the assumptions that in due course of time, the steep slopes 
below Baramulla would work upto the reach above the bridge 
and effect the retrogression of the bed level in the outfall channel 
and consequently increase the silt transporting power of the channel. 
He added that, if the retrogression did not materialize, the Pohru 
should be diverted to the rapid above Khadanyar through the 


Baramulla gorge. 


Harris® finally recommended that diversion of the Pohru in to 
the Wular lake should not be carried out and dredging of the out- 
fall channel should be stopped and improvement or deterioration 
in the outfall channel should be watched. 


Since:then twenty-two years have elapsed. Observations have 
been made all these years and a vast amount ot data has been 
collectéd. This data has been analysed and certain important 
indications with a direct bearing on the problem have been 
obtained. 


As has already been Pointed out there is no tetrogression 
of the, bed of the outfall channel above Baramulla. The water 
surface slopes of the outfall channel are as flat as they were in 19 Uf 
Under these conditions Tulsi Dass’ first proposal of di | he 
Pohru into the outfall channel at Khojabagh is out 
The conditions now prevailing at Doabgah will be re 
Khojabagh. This will serve no useful purpose at all. : 


verting the 
of question. 
roduced at 


His second proposal of diverting Pohru into the outfall claniel 
near Khadanyar appears to be impracticable. The hills bou di 
the narrow gorge at Baramulla and the- main ee 


2 A town Ss readi 
this side of the gorge do not permit a channel to P ng on 


be taken through. 
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‘On the strength of observations taken for the last thirty years 
ic can be definitely said now that the channel has deteriorated 
considerably. The conditions existing at the moment are rather 
bad and measures have to be taken early. The different scheittes 
of diversion of the Pohru river may be discussed in certain details. 


Schemes of Diversion 


There are three schemes of diversion of the Pohru river. The 
first scheme discharges the Pohru water into the outfall channel 
at the Khojabagh above Baramulla, and the other two into the 
Wular Lake. 


(a) Scheme of Diversion of the Pohru to the Outfall Channel at 
Khojabagh:— 


If the Pohru river is to be diverted to the outfall channel, 
the most suitable point to drop it into the channel is below 
Baramulla. The water surface slope below Baramulla permits 
the transportation of the whole of the sediment charge brought 
by the Pohru. In its longer course to Baramulla, the charge-must 
become alittle finer also. However, the topography of the -coun- 
try is such that it is impossible to cut through the hills to go below 
Baramulla. It isnot possible to divert the river into the outfall 
channel at Baramulla also, because of the town. Above Baramulla 
the slopes in the outfall channel are too flat. The place nearest 
to Baramulla to which diversion can be effected is, as suggested by 
Harris at Khojabagh, about a mile and a half above Baramulla. 
The water surface slopes in the outfall channel at this place are 
very flat and do not permit of the transportation of heavy sediment 
charge brought by the Pohru. As at‘Doabgah a sediment 


bar also forms at Khojabagh, if the Pohru river is diverted to this 
place. 


As regards improving the alignment of the existing junction of 
the Pohru with the outfall channel, little can be done. Pohru at 
Doabgah joins the outfall channel at a right angle. The alignment 
of the junction is more or less fixed. On account of the conditions 
of flow at the junction when the Pohru is in flood, there would be 
flow both ways, towards the lake and towards Baramulla. ‘A ridge 
forms at right angles to the outfall channe!. The extent of the 
bar at Khojabagh may be slightly smaller than that at Doabgah, 


-but the difference is not expected to be very great. In this position 
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hannel from Khojabagh to Wular 
from the new junction to Bara- 
he shorter distance and greater 


also reverse flow in the outfall c 
lake would occur, though the flow 
mulla may be greater because of t 
slope from Khojabagh to Baramulla. 

| (b) Schemes of Diversion of the Pohru into the Wular Lee 

The diversion of the Pohru to the Wular lake is propose 

to be from a place known as Suil, There are two alternative 
Schemes:— 

(1) Suil to Wular via Brat. This alignment of the channel 
brings the mouth of the Pohru river close to the outlet 
of the lake. The length of the diversion channel is 
26,000 feet, giving a bed slope of 1 in 1270 and water 
surface slope of 1 in 1617. 

(2) Suil to Watlab. This length of the diversion channel 
is much greater than the first but has an advantage that 
it is far more removed from the outlet of the Wular lake. 
The length of the channel is 34,440 feet, with a bed slope 
of 1 in 1,746 and water surface slope of 1 in 2,194. 


Before considering the merits of the alternative schemes, it is 
necessary to examine the slope of the country in thisarea. The 
area between the Pohru river and the Wular lake slopes down both 
from north to south and from west to east. The general slope of 
the country is of the order of 1 in 2,833 and there is a net-work of 
small irrigation channels from the Zaingir and Lal Kul Canals 
which irrigate the area. The first scheme has a disadvantage that 
the detritus load’ brought by the Pohru will deposit in the lake 
close to the outlet and: may ultimately tend to choke up the 
channel. The second alignment has the advantage that the river 
joins the lake at some distance from the outlet of the lake. The 
sediment load brought by the Pohru and deposited in the lake will 
not affect the outlet immediately, 


In both these alignments, however, there may be a danger of 
the Pohru river meandering towards the outfall channel, and join- 
ing it below the outlet. The first scheme therefore, is not a suitable 
one. In the second scheme, Precautions must be taken to guard 
against the southerly movement ‘of the river, The scheme of 
diversion of Pohru to Watlab is much superior, 
Merits of the Alternative Schemes 


The advantage of dropping the Pohru into th 
e outfall ch 1 
at Khojabagh is that the Pohry sediment will be: Stn 


ne ae ONS 


eg tae TD. 


Os ae 
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a running stream and a major part of this load will be washed 
down the river. 


A very great advantage of diverting the Pohru into the Wular 
lake is the reclamation of the Wular by the heavy charge of sedi- 
ment brought by the Pohru. The Pohru sediment may be coarse 
but this will fll up the lake andthe top,deposit will be ultimately 
finer in grade. The new land so formed would be good for cultivation. 
The second advantage of diverting the Pohru into the Wular lake 
is that the outfall channel will be running with clear water. With- 
out any heavy load discharging into the outfall channel, there will 
be no bar formation and no deterioration in the capacity of the 
channel. The silt-free water running in the outfall channel would 
pick up silt from the bed leading to greater transportation of the 
material and, thereby, increase the capacity of the channel. An 
objection might be made that by discharging the Pohru river into 
the lake, the water level in the lake will rise. It must be mentioned, 
however, that even with the present junction of the outfall channel 
at Doabgah the Pohru river mostly flows into the lake. Therefore, 
it would not make a marked difference in case the Pohru is 
diverted to the Wular lake. Even now high levels in the lake are 
experienced, upsetting the reclamation work etc. These high 
levels are due to floods in the Pohru and prolonged flood in the 
Jhelum river in the valley. For reclamation work, it is immaterial 
whether the lake rises to a high level, once or twice during a year 

or for a number of times. Once the limiting level from the point 
of reclamation is exceeded, reclamation work is destroyed. On the 
other hand, due to removal of the obstruction in the outfall 
channel, its capacity will increase and it will draw more and the 
lake level will remain low. For keeping the mouth of the Pohru 
in the lake alive, it is necessary that an efficient arrangement for 
preventing choking at the mouth be adopted at the junction of the 
Pohru with the lake. Normally at such junctions, che river spreads 
on account of delta formation and the mouth is choked by the 
charge brought and deposited by the river. This can be avoided 
by gradually extending the right bank of the Pohru into the lake. 


As the delta advances, the mouth of Pohru should be extended 
into the lake. 


It is impossible to visualise the conditions accurately after the 
whole of the Wular lake is reclaimed. The river Jhelum will flow 
through the lake ina single channel similar to that above the lake. 


LEY 
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if fe ct oni 
estion O h g I ; I t 
I his qu f the Pohru oinin th Ss cha nne and 1¢s ef e 


With the Jhelum flowing as a single channel 
i ter surface slope and also its transportation 
ee he present conditions of flow at Doab- 
, Watlab, when the Pohru 


will arise then. 
through the lake, 
capacity will increase, andt S 
gah (viz. reverse flow upstream EOwar 
river only is in flood), will not arise. 


‘ : ; ; he 
‘ection might be -raised against the diversion of t 

ee ae lake on the grounds that the ee ee 
by the coarse sediment brought by the Pohru a - ee 
fit for cultivation, It would take a long time . ee is 
brought by the Pohru river to silt up the lake. n ae 
the Pohru subsides, the lake is filled up by water from the i um, 
it is the Jhelum silt which would deposit on the top of se iment 
brought by. the,Pohru. Therefore, there would be alternative 
deposits. of the material brought by the Pohru and that by the 
Jhelum. The top and the finer deposit would consist of the material 


brought by the Jhelum. 


In addition, measures can be taken for giving a vegetable 
cover to the naked hills and land in the catchment area of the 
Pohtu river so that the coarse sediment charge in the river is 
diminished. A long time will be required to give a vegetable 
cover and its effect would be experienced after a number of years. 

: Meanwhile, the silting up of the lake from its bottom can be done 
by Pohru, and by the time the bed emerges out of water, the effect 
of measures taken for the conservation of soils in the catchment of 
the Pohru would have borne results and only comparatively finer 
material would be coming and depositing itself on the fast rising 
bottom of the lake, 


Working details of the Diversion of the Pohru into the Wular lake 


During the low winter stages, the Pohru river carries a dis- 
charge of 50 to 100 cusecs, The average flood is about 4,0C0 cusecs, 
The maximum flood discharge-as calculated by Purves? from the 
highest water level marks: based on the information supplied by the 


old inhabitants of Suil, (excluding that aetna Pee 
16,760 cusecs, 3 amel nallah 


1S 
The Pohru river is confined between the banks and there are 
no bunds or embankiments, The area on the left Side is of incoher- 


ent soiland ig mostly irrigated from the Zainigir Sa aa 
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Figs. 111 and 112. It is presumed, therefore, that the soil is erodible. 
Borings, however, have been made to determine the nature of the 
soil eight to ten feet below the surface of the earth. A schematic 
drawing showing position of pits is given in Fig. 113. The bank level 
on the left side at certain points near Suil is much lower than that 
on the right side. Detailed long sections of the banks have been 
taken to find out whether it is a local depression or a general feature 
of the river. It is shown to be a local depression (Figs. 114 A—F). 
The following are the main items of the scheme of diversion:— 


1. The cunnette, 50 feet wide, with floodway on both sides 
between raised bunds. 


2. The closure embankment. 


3. The breaching section. 


1. The Cunnette-— A cunnette or a pilot channel will only be 
made and not the full size channel to carry the whole discharge. 
The bed width of the cunnette is kept 50’ with 1 to 1 side slope 
for cutting. The bed slope is 1 in 4,000. The embankments have 
been kept at such a distance that they give a width of 304’ in the 
channel at R. L. 5198. The slope of 1'5 to 1 is given to embank- 
ment on water side and2tolon land side. Also, on land side, 5 
to 1 slope has been given for certain reaches so that the hydraulic 
gradient line falls within the toe of the bund. The bed of the 
cunnette at the upstream end is fixed at R. L. 5180, two feet lower 
than the normal water level in the Pohru. Since the diversion 
will be carried out during winter, when the lake level is low, the 
diversion cut will have a water surface slope of 1 in 2,150 approxim- 
ately. .(The water level of the Wular lake on 2-1-49 R. L. 5165°87 
while water level of Pohru .at Suil was R. L, 518210). The 
design of the diversion channel is shown in Fig. 115 A—C. Fig. 106 
gives the longitudinal section of the proposed diversion of the 
Pohru river from Suil to Watlab. 


2. The Closure Embankment.—Notwithstanding the fact that 
upstream bed of the cut is kept below the low water level in the 
river, there is little likelihood of the cut developing unless, the 
tiver is bunded up. The closure embankment, therefore, is very 
essential for diverting the river. The embankment will be con- 
structed in earth about 150 feet downstream of the off-take of the 
diversion channel. The design of the closure embankment, its long 
and cross-sections are shown in Fig. 117, It is desirable to provide 
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Fig. 112—The Zaingir Area on the left of the Pohru River. 


f a breaching section in the closure embankment so that in the event 
of a high flood occurring in the river at a time when the diversion 
cut is not developed, the water may rise very high and wash away 

( the whole of the bund, when such an emergency arises, the breach- 
ing section will come to rescue. 


3. The Breaching-Section—The top width of the river at Suil is 
about 250 to 325 feet. It is proposed to keep 20 per cent of the 
average width, i.e., 50 feet as a breaching section. In the breaching 
section also, the earthen bund will be five feet below the rest of 
the portion, ie. at R.L. 5189'1. A pier with pitched wing wall 
upstream and designed to separate the breaching section from 
the rest of the bund will be located on the right side where the 
river is in the deepest section. On the upstream side, the closure 
embankments, for a length of 30 to 40 feet close to the breaching 
section, will be pitched to withstand the velocity of approach to 


the breaching section, The bank at this place will be pitched 
and groutted, 
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114 A—Long Section of Banks of Pohru River from Suil to Yunus. 
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Fig. 114 B—Long Section of Banks of Pohru River from Suil to Yunus. 
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Fig. 114 D—Long Section of Banks of Pohru River from Suil to Yunus. 
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Design of the Pier and the Breaching Section 


To separate the breaching section from the closure embank- 
ment, a stone-masonry pier has been provided, The design is 
shown in Fig. 118. Assuming the worst case of the highest flood 
discharge occurring and the diversion cuts not developed, the dis- 
charge conditions would be as follows :— 


} 
' 
| 
) 
| 
3 


Diversion cut will take a discharge of 5,000 cusecs. The 
breaching section then should take a discharge of 10,000 cusecs so 
that no heading up occurs in the river and the country is not 
inundated.® The depth of foundation and the scour for the passage 
of the remaining discharge is worked out as below :— 


Discharge intensity =200 cusecs. 
Scour Depth R 


Kennedy Formula : 


EE De 


R=1 11 1,/164 — =1'11,61=29 
According to Lacey’s 

RA q? 73 
ro] 

=30°78 


Say 31 when f=1 
A scour according to Lacey’s=31 


i.e. upto R. L. =5163. 


The sheet pile will go upto R. L. 5160 while the bottom of tke | 
concrete will be at R. L. 5166. 


Diversion of the Hamel Nallah into the Pohru River at Suil 


The Hamel nallah joins the Pohru river about one and a half 
mile below Suil. When the Pohru has been diverted from Suil to 
the Wular lake at Watlab, the Hamel nallah shall still be carry- 
ing sediment into the outfall channel at Doabgah. To eliminate this 
source of deterioration of the outfall channel, diversion of the 
nallah from the village of Rahmhom to the Pohru river at Suil has 
been proposed. A site plan and a long section of tke diversicn is 
given in Figs. 119 and 120. 
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120—Long Section of the Proposed Diversion of Hamel Nallah. 


Fig. 
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Rough Estimate of Cost 
The cost of the diversion channel an 
comes to about Rs. 420,000. This figure does not include the 
cost of four irrigation crossings and bridges downstream and the 
bridges, which will come to about Rs. 7,30,0C0.. The details of 
Chapter XXIII. 


d closure emtankment 


the cost as worked out are given in 
Another Alternative Scheme of Pohru Diversion 
Summing up, the position is like this. The Pohru cannot be 
diverted to the rapid above Khadanyar because of the narrow gorge 
and the town at Baramulla. It is of no use diverting it to Khoja- 
bagh or to any point above Baramulla, At the same time the 
Pohru is definitely a large river and dumps huge quantities cf 
coarse sediment in the outfall channel, this choking itup. The 
ded load:carried by the Pohru river was estimated by the latest 
method evolved by A. Eninstein and is given below : 


Estimation of Bed Load in the Pohru River 


The cross-section of the Pohru river at Suil (Fig. 121) has been 
taken for this purpose (Fig. 122). A number of bed samples were 
taken from the bed-of the Pohru river and an average sediment 
curve (shown in Fig. 123) has been prepared. Various Hydraulic 
characteristics were studied and average curves fcr the areas of 
cross-section (A), Wetted Perimeter (Pb), and the hydraulic mean 
depth (R) have been prepared as shown in Fig. 124. The bed lcad 
was then calculated for fcur typical discharges cf 4,(00, 6,CCO, 
8,000 and 13,000 cusecs. The total transport load in tons per day 
and in acre feet per day for these four discharges is given below :. 


TABLE LI 


. £ . 
Rae bie > Bere nee a Ue err ae ree em - ee oN 
Discharge Bed load in Tons Bed load in Acre 














Set 
No. | per day Feet per day 
1. 4,000 | 729 Hi 0°375 
2 6,000 ce. 4,895 2'517 
3, 8,000 13,331 | 6°855 
4 13,000 63,558 | 32'682 
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Fig. 121—Th2 Pohru River at Suil. 


According to Purves!) if average discharge of 6,000 cusecs is 
supposed to be experienced in the Pohru river for a period of 
180 days, the total transport Joad works out to 4,53,060 acre feet. 
Mr. Purves has, however, calculated the total load, the sum of the 
bed load and the wash load, as 540 acre teet per day. 
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Fig. 122 —Cross-section of Pohru River at Suil. 
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Section (a) Hydraulic mean Radius and 


fferent hydraulic characteristics, Area of Cross- 
wetted perimeter Py of Pohru River. 


Fig. 124—Average curves for di 
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e of discharges in the river during a year is not 

known, it cannot be said how far Purves was correct in estimating 
6,000 cusecs average discharge flowing in the river fora period of 
180 days. The variation in the discharge makes a considerabie 
difference for estimating the sediment load. * The increase in sedi- 
ment load is much more than the corresponding increase in 
discharge. It may be even more than the square of the increment 
in discharge. Asan instance, the bed load for 4,000 cusecs and 
8,000 cusecs discharge in the river as referred above is 0+ and 69 
acre feet per day respectively. Thus with 100 per cert 
increase in the discharge sediment load has increased by 
1,625 percent. Or in other words 8,000 cusecs discharge for a 
duration of one day can bring as much silt as 4,000 cusecs dis- 
charge in the river can bring during a period of 17°23 days. Again 
when the discharge increases to 13,000 cusecs, the bed load shoots 
upto 327 acre feet per day. This means a rise of 8,075 per cent in 
‘the sediment load. Or, in other words, the sediment brought by 
13,000 cusecs discharge during one day isas muchas that brought 
by 4,000 cusecs discharge during 81°75 days. Thus Mr. Purves’ 
estimation of sediment brought by Pohru would have been more 
representative if he had divided the period of 180 days into various 
fractions during which the discharge were approximately of the 
same order and had supposed different rates of silt charge for 
different sets of discharges. 


Since the rang 


Now if the 6,000 cusecs average discharge for 180 days is 
analysed, the following fractions of discharges with their respective 
duration of flow can be made. Bed load for each fraction is also 
given in the table below: 








. ; TABLE LI! 
Sa 
S. No. Discharge Duration of days Bed load in acre ft. 
oe oe ee Vek ie Pe Xe z 
1. 13,000 10 326°820 
; 2. 8,009 : 30 205°650 
SS 6,000 60 151020 
4, 4,000 80 - 's 30°000 
Total (Average 6000) 180 713490 


Se ee eens ee nee 
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The total load shows an increase of 57 percent over that 
| calculated for 6,000 cusecs average discharge flowing for 180 days. . 
Thus it may be szenthat Purves’ estimation of silt brought by 
Pohru is less by 32 per cent if calculated by this method. Abstract 
of results of bed load calculations for the Pohru river is given in 
M4 Table LIIL 


Diverting the Pohru river to Wular lake, may raise the level 
of the lake as apprehended, especially when Pohru is in high floods, 
| and consequently upset reclamation work. Although the author 


believes that much of the Pohru water during floods goes to the 
lake even under the present conditions. 





TABLE LII1 


Abstract of Results of Bed Load Calculations for the Pohru River 


LS 





re | Particulars Q=3,821 | Q=5,853. | Q=8,160 | Q=12,772 
1. River Reach oe : At Suil. 
2. Cross-Sections ... —do— Fig. 122 
3. Slope wea 1 in 3000 =0.00033 
4. Average Area and 
3 Py curves ae Fig. 124 
5. Averag: Sedimen 
curve a Fig. 123 D,.=0.47 mm. D,;=0.76 mm. 
(0.C0159 feet) (00249 feet) 
6. Representative Ay , a : 
Grain sizes in mm. (i) 0°20 (ii) 0°49 (iii) 0°77 (iv) 1°87 
7. Rp’ (feet) abe 10 15’ 2:0’ 3°0’ 
8, U’* (Friction velo- = 
city) (ft./sec). ... 0°103 0°126 0°145 0°178 
9. S’ (feet) es 0001126 0°00092 000030 000065 
10. K, {S we 2°21 271 S11 3°83 
11. Correction of 
y roughness 03 1:23 1:17 Lil 
ie 12. Apparent rough- 
Ness A St 0°00187 0°00202 0:00213 0'00224 
13. Average flow velo- 
city. U’ (ft./sec.)... 2'261 2'869 3'386 4:315 
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4 TABLE LII I-—contd. 
[tetas dl eenenl | eieu 
S. Particulars | Q=3,821 | Q=5;' ; 
No, f 
14. Intensity of shear 7769 5227 3°885 2°613 
Y 
, ‘ 13°3 16°9 
15. = Ze us 
16. (Shear velocity. 
forchamoel Tes ggsy gar 
17. R’b (feet) 5°203 5'78 6°083 6316 
18. Rp =R’b (fect) +R 6°203 728 sl B'a16 
e 
A Cerne 5184°8 51975 5187°5 5189°6 
Pe eas eens ie 2040 2410 2960 
215 2 W, d Perimet 
(ie ea Ba 2855 300 317 
22. Discharge 3821 5853 8160 12772 
23. Diameters of Av, 
Grain Sizes (feet)... (i) 0:00066 (ii) 0°00161 (iii) 0°00252 (iv) 0°00613 
24, ib x 10? (Corres- 
ponding % of par- 
ticles) (i) 24°8 (ii) 26°2 (iii) 26°5 (iv) 22°3 
25. J (Intensity of 
shear on particle)... (i) 3°33 2°24 168 112 
(ii) 8°123 5°47 4°10 2°74 
(iii) 12°71 8°55 6°41 4:28 
(iv) 30°93 20°81 15°61 10°41 
26. Characteristics(X) 0001665 0°00156 0°00164 000172 
27. Ratio (D/x) (i) 04217 0:43 0°40 0°38 
(ii) 1-029 1:03 0°982 0:94 
(iii) 1°610 162 15 4 
aa Set 4 1°46 
(iv) 3°917 3°93 3°74 3°56 
28. rie 
values eae ss 56 68 ; 
(i) 114 114 1:15 is 
Gii) 1-0 10 10 il 
(iv) 1°0 1-0 10 1-0 
29. Y Val B 
alues 0°58 0°55 0-54 ee 
30. ie PLogarithinie 
t H | 
: unction) 0°948 0913 0912 0911 
a 2 
B 
a1, ( 72 ) 
1169 1260 ion ee 
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TABLE LII I—coneld. 








soe Particulars | Q=3,821 | Q=5,853 | Q=8,160 | Q=12,772 








32: 1 (Intensity of 
shear for indivi- 


dual grain size ... (i) 13°10 8693 7792 5°866 
Gi) 6°278 47321 3°262 2°208 
(iii) 8618 5925 4°37 2°903 ~ 
(iv) 20°97 14°42 10°646 . 6990 


33. #§ (Intensity of 
transport for indi- 
vidual grain size... (i) 


0°03 014 0°195 0°43 
(ii) 0°36 0°91 1°58 2°8 
(ii) 014 0°43 0°90 19 
(iv) 07002 0019 0:068 0°27 
34. i, q. (Bed-Load - 
b ~B 
rate U’ in pounds 
per second foor) ... (i) 0°0001537 0°0007174 0°000999 0°002203 
(ii) 0°007425 0°01877 003259 0:05775 
Gii) 0°005759 0°01757 003677 0°07762 
(iv) 0°0002608 0°002504 0008869 003521 
35. taeda (Total 
transport rate pet 
unit widch and- 
time in pounds per 
second foot) (i) 0702249 0°22663 0°53976 2°4013 
(ii) 0°02639 0°10887 0°32557 13456 
(iii) 0°01315 005798 0714929 0°82122 
(iv) 0°00040 0°00426 0°01641 0°08380 
36. i q. (Total rate 
of transport of 
sediment in tons 
per day) 2 (i) 262°7 2789°0 2679°097 32808'0 
: (ii) 38 1339°9 4209°620 18385°0 
(iii) 153°6 713°5 1930°320 11220°0 
(iv) 47 52°4 2127181 11449 
SYA = it q.. (Tons 
per day) fio 729'2 4,894°8 13,331°218 63557'°9 
(Say) 729 4,895 13,331 63,558 


a 


Silt Extraction on the Pohru River 


The sole idea in diverting the Pohru to the Wular lake is to 
stop the heavy sediment load going into the outfall channel. Other- 
wise, it is desirable that the Pohru should. go into the outfall 
channel rather than to the lake. If the Pohru river were carrying 
clear water, the trouble should not have arisen at all. It is the 
heavy and coarse sediment which cause the trouble. In the lake, 
while sediments are desirable excess discharge is not required.- 
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sediments are diverted into the lake with ee. 
nd major part of the discharge of the ohru is 
nel the whole problem is solved. 
ting a sediment ejector on Pohru 
which will divert all the coarse sediment, which chokes the ee 
channel into the Wular iake, with only a small oe e 
escapage discharge will not raise the water level in the lake S ey 
marked extent. Comparatively clear water pehelicher : . 
ejector in Pohru will pick up silt from the outfall channel an 
transport it. A discharge of about 3,000 to 4,000 cusecs at the 
most will be required. The cost of this scheme will be much less 
than the cost of diversion of Pohru into the Wular lake which has 
already been discussed in the report. The very great advantage of 
the scheme is that it eliminates all the objections raised by Tulsi 
Dass or Harris against the diversion of the Pohru into the 
Wular lake. 


Similar measures have been adopted ‘on large canals in the 
Punjab although for different purposes. Those canals carried as 
much discharge as the Pohru and the charge of the material was 
also heavy. The working was quite successful. The approximate 
cost of this scheme is four lakhs. The design is illustrated in 
Fig, 125. 


If therefore, 
quantity of water a 
allowed to join the outfall chan 
This can be achieved by construc 


Data for Sediment Extractor for Pohru River 


1. The minimum discharge of the Pohru river is assumed to 
be between 4,000 cusecs to 6,000 cusecs viz. 5,000 cusecs 
and the corresponding water level=R.L, 5188°5. 


2. Average bed R.L. of the Pohru river at this Section=R.L, 
51780. 
The depth of water =1055 feet. 
3, The bed width of Pohru at this Section =250 feet. 


—5000 
q=*%'=20 cusecs, 





: 20 : 
4, The velocity of fow= jos 9 feet/sec, 
or. Dherkehi an Pohru=R.L, 51940 


.". The maximum river depth =160 feet, 


The topof the tunnel roof j 3 
is 
higher than the river bed, ee tobe ae four feet 
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Tunnels 
It is proposed to provide four tunne 
the downstream end, separated by 2'5 feet thick walls. 


ls of eight feet width on 


Total width of the outfall just at the exit 
=a’ X8'—2°5X3= 395 feet 
. 
Area of the 4 tunnels =:4’x4' X8'=128 sq. ft. Assuming a work- 
he tunnels=+/2 gh 


==8 X 3'16=25'28' |sec. 
. For an escape discharge of 2,000 cusecs through the tunnels the 


2000 _7}- 
area should be = 95°98 7112 feet. 


t 


ing head of 10 feet, the velocity through t 


Height of the tunnels being 4 feet, the total width of waterway 


at the exit, therefore=/412 =17'78 feet. Width of each tunnel at 


the exie= 78 =4'445 feet. i. e., the tunnels have to be constructed 


from 8'0 feet to 4°445 feet at the downstream end by a splay at 


each side. 


Upstream face of the Tunnel 


The total river width of 250 feet is prorosed to be restricted 
to 150 feet at the bed just near the tunnel mouth but no change is 


proposed at the top. 


The extreme right end of the extractor on the upstream side 
has been set back by 12 feet, giving a splay of akout 1 in 3. 


Each tunnel at the mouth has been further subdivided into 
parts of equal width to avoid deposition of bed material just at the 
end by construction of smaller piers. 


With proper gates for regulation at the downstream end of 
tunnels, it will be possible to control the escapage discharge 


III Stabilisation of Hill Torrents below Baramulla 


dee in flood, the hill torrents below Baramulla bring hu 
ie s ay ae boulders to the outfall channel which ali 
nsport this material, With the i 
pe passage of time the deposits 
oe oe to an appreciable Proportion and interfere eee 
wit : t a ow of water in the outfall channel. No amount of dred ‘ 
ing would help in keeping the channel clear permanently ash ae 
eavy 





eee eS 
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detritus load brought by the torrents during flood would accumu- 


late again and renew the trouble. But little was known about their 
hydraulic characteristics and therefore, no proposals could be made 


to control them. A detailed survey regarding the physical 
and hydraulic elements has now been made, 


A brief account 
is given here. 


Description of the Torrents 


The hill torrents are very steep varying from1lin4to lin 15. 
The upper reaches of these torrents which are marked by many 
vertical falls are steeper than the lower ones. 


These torrents practically run dry all the year except in the 
rainy season. In the upper reaches of these torrents, the velocity 
of flow is great due to steep slope, but the discharge is less due to 
the small catchment area. In the lower reaches the discharges of 
these torrents are very much enhanced by their tributaries. The 
maximum discharges of these torrents vary from 700 to 1400 cusecs. 
The velocities during high floods in the lower reaches vary from 15 
to 25 fzet per second and the average maximum depth of flow varies 
from 2°55 to 4 feet. During high floods, rocks, big boulders, coarse 
sand and shingle are thrown into the river by these torrents. These 
huge rocks and bould2rs choke up the outfall channel. The hyd- 
raulic features of these torrents for their lower reaches during 
floods are given in Table LIV. 


The sources of all. these torrents lie at a very high level,where 
the bed consists of soft soil. Asthey descend, they pass through 
narrow ravines which are all rocky. All the soft erodible mate- 
rial has been washed away in the upper reaches during the initial 
development of these torrents. The erosion has left behind naked 
hard rocks which make the surface of the narrow ravine. In these 
reaches of the torrents, there are many vertical falls. In the middle 
reaches the bed consists of big toulders and huge rocks andin the 
lower reaches boulder -mixed with coarse sand and shingle 
constitute the bed. 


Isolated cross-bunds which are the product of individual enter- 
prise have been made in these torrents to raise the water level 
and to provide irrigation water to the adjoining land. A brief 


d:szcipsioa for each individual torrent is given below: 
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1. Kandar Nar.—This is the first torrent which joins the outfall 
channel below the old Baramulla bridge. It isa seasonal torrent. 
The source of the torrent lies in Sheikhbagh at R. L. 6500. Above 
chain 30 (the z2ro of the chain being at the point of junction of the 
torrent with the outfall channel at R. L. 5160), the torrent is very 
steep and below chain 38, it becomes flat. From chainage 38 to 48, 
i.e. fora distance of about 1,020 ft. the drop in bed level is about 
264 feet giving a slope of 1 in 37 approximately. From chain 400 
to 3800, for adistance of about 34C0 feet, the drop in the bed 
level of the torrent is 246, thus giving the average slope of 1 in 14. 


For the whole of the drop from chain 400 to 4800, the average 
slope works out to be 1 in 9. 


Average depth of water during a high flood is about three feet. 


Average discharge during high flood is of the order of 600 to 
700 cusecs. A rough estimate of discharge has been made and the 
details of calculations are shown in Table LIV. 


At chain 30, a small tributary, Shan Boni Nar joins the torrent. 


‘Along with the transition of the bed slope, there is a transition 
of bed material as well. Above chain 29, the bed consists of huge 
rocks; from chain 22 to 29, small rocks, shingle and kculders form 
the bed material. Below chain 14 shingle mixed with coarse sand 
comprises the bed material. At its mouth, the shoal consists of 
shingle and coarse sand. 


The discharge intensity of the torrent during the high flood is 
very great. To give an idea of the discharge intensity, it may be 
mentioned that the torrent washed away the huge rubble masonry 
wall built on its banks for the protection of some buildings eight 


years back. A plan anda long section of the torrent are shown in 
Figs. 126 and 127. 


2. Grat Nar.—This is the second hill torrent and joins the 
outfall channel at chain No. 75, below the Baramulla bridge. 
The downstream portion of the torrent is fatter than the upper 
portion. From -chainage 100 to 2100, the rise in the bed is about 
205 feet, thus the bed slope in this reach is 1 in 10 approximately. 
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Fig. 126—A Site Plan of Kandar Nar Hill Torrent No. 1 
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Fi;. 127—Long Section of Kandar Nar Hill Torrent No. 1 joining 
the Outfall Channel below Baramulla Bridge. 
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F chain 2100 to 4€00 z.¢., in a distance of 2400 the rise jg 
rom € ‘ : : 
762 feet, thus giving a slope of 1 in 5'5 approximately. 


The average slope of the whole torrent works out tol in 46, 
The nallah erodes its bunds and brings shingle and silt. 

From chain 2 to chain 15, big boulders are seen on the bed of 
the Bene To check the flow of the big boulders down the 
torrent, two cross bars have been proposed to be constructed across 
the fotrentt at chains 15 and 17. Above chain <0, the big rocks here 
and there mark the bed of the torrent. 

During a high flood, the average depth of flow in the torrent is 
of the order of about three feet; the average velocity, for a typical 
section in the lower reaches, works out to be 13 to 15 fect per 
second; and the flood discharge of the torrent is of the order of 700 


to 800 cusecs. 

This torrent also contributes big boulders and large quantity 
of coarse ‘shingle andsand towards the deterioration of the outfall 
channel. It remains dry during the whole year except in rainy 
season when it brings about 700 cusecs. 


Other hydraulic data of the torrent is givenin Table LIV. 


This torrent also washed into the outfall channel rubble 
masonry walls, formerly constructed to protect some building on 
its banks. The debris has blocked the river bed. Local enquiry 
has revealed that during low water level the shealing up of 
tiver bed due to this torrent causes afflux upstream ot the 
outfall channel, 


3. Hajabal Nallah.—This nallah rises from Hajabal at 
R. L. of 7500 and joins the outtall channel at chain 90 below the 
Baramulla bridge at a R. L. of 5158°0, 


The slope of the torrent is approximately the same throughout 
except in its lower reaches where the torrent runs over a bit flatter 


ie The average slope for lower and upper reach is worked as 
elow :— . 


R. Ds Di : Drop or rise 
ischarge in bed RT. Slope 





1500 231 i lin 6°5 or “154 


2000 to 4000 4000 577 lin 3°5 or ‘289 
approximate, 
> 
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£ Hajabal Nallah Hill Torrent No. 3 joining the Oucfall Channel below 


Baramulla Bridge. 


289 





—Long Section 0 


FLOOD CONTROL IN KASHMIR VALLEY 


; i d whol 
The average slope of the torrent considered asa € comes 
h 


out to be 1 in 4'1 roughly. 


Variation of the bed material or the silt survey along the 
ari 


nallah bed is as under :— 


At the confluence of the torrent with the outfall sae a 
huge deposit of shingle, coarse sand and silt has ae ae n ite 
upper reaches, there are big boulders and rocks, seas that the 
bed is all rocky, and in the extreme upper reaches the torrent 


passes through narrow ravines. 

The torrent remains dry practically for most of the period 
duringa year. During rainy season and other periods of rainfall 
its discharge swells upto 800 to 900 cusecs. The average depth 
of flow in the lower reaches during flood is about three and 


a half feet. 


This is the third torrent and a major one which effects adver- 
sely the drainage of the valley by blocking the bed of the outfall 
channel with the coarse material it brings. The material deposits 
at the mouth of the torrent as it cannot be transported by the 
outfall channel which flows at a comparatively very flat gradient. 
A long section and a plan of the torrent are shown in Fig. 128. 


4, Naranthal Nar,—Chain 160 B, B. B. The torrent rises at the 
R. L. 8,000 above sea level and joins the outfall channel at R. ie 
5167 at chain 160 below Baramulla bridge. 


The slope of the bed of the torrent is approximately the same 
throughout except at-the places where there are steep falls. The 
average slope of the torrent is 1 in 7 approximately. 


At the confluence of the torrent with the outfall channel, a 
huge shoal which consists mainly of rock deposits is formed. The 
high flood experienced in this torrent is of the order of 1200 to 
1300 cusecs. So far as the flood discharge is concerned, this is the 
biggest of all the torrents. The average velocity of the flood water 
in lower reaches is about 17 feet Per second and the average 
depth below high flood level is about 3 feet, Other hydraulic 
constants are given in Table LIV, 
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Fig. 130—Long Section of Naranthal Nar Hill Torrent No. 4 joining the Outfall Channel 160 chains below Baramulla Bridge. 
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Since its high flood discharge is very great, the torrent causes 
deterioration of the outfall channel by blocking the waterway not 
only with shingle and coarse sand but also with huge rocks. 


A number of small torrents join this torrent and enhance its 
discharge during high floods. The plan and a long section of the 
torrent are given in Figs 129 and 130. 


5. Khadanyar Torrent.—The source of this torrent is very 
high at Bosim. The torrent as it comes down, is very steep in the 
upper reaches and acquires a comparatively flatter slope in the 
lower ones. The slope of the torrent in upper reaches is 1 in 45, 


it is 1 in 5'7 in the middle reach and finally 1 in 13 in the 
lowest reach. 


At the mouth of this torrent, there is a huge deposit of big 
rocks. The rapid inthe outfall channel just below the junction 
of this torrent has been formed asa result of the afflux caused by 
the rocks deposited by this torrent in the outfall channel. 


For about 30 chains there are small rocks and boulders on the 
bed of the torrent. Upstream of chain 30, is nothing but 
huge rocks. Above chain 40 the bed of the channel is not well 


defined and it appears that in the upper reaches the channel has 
been made artificially. 


This torrent developed some fifty years back. Before that there 
was only a small channel. This is also the wildest torrent and 
causes a great hindrance to the flood passing through the outfall 
channel, by blocking the waterway with massive deposition. 


It remains dry in seasons other than rainy one. During high 
flood, it brings about 700 to 800 cusecs. Velocity during high flood 
is about 19 to 20 feet. Other hydraulic constants are given in 
Table LIV. 


A plan and a long section of the torrent are given in Figs, 131 
and 132. 


Remedial Measures 


The diversion of these torrents as a whole is impossible since 
these torrents join at a critical situation, nor it is possible to divert 
the load elsewhere. The only course left open is that of con- 
trolling the slope which might help in checking the transportation 
of large size material, 
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In the upper reaches where the discharge of ais torrents i 
very small and the bed is made up of hard rock, there is no nee 
aches contribute very 


he slope since the upper re 
and if they contri- 


of controlling t 
e torrets, 


little towards the sediment load of th 


bute at all, they do so occasionally. 


The sources of the continuous supply of the sediment material 
are the middle and the lower reaches. It is in these reaches that 


the necessity of controlling the bed slope is felt, The slope can 
be flattened by putting cross bunds at suitable sites. The most 
suitable site for a cross bund is the cross-section of the torrent 
above which huge masses of boulders and big rocks are coming down. 
Heavy detritus load coming from above will get deposited behind 
the bund and will flatten the slope of the bed upstream 


of the bund. 

The position and design of the cross-bunds should be such that 
the ultimate slope to be attained upstream of the bund is the same 
or rather less than that of the outfall channel in the reach where 


the torrent joins it. 


Diversion of some of these torrents by parts is possible though 
it is very difficult to divert them as a whole. 


It has been mentioned that the inhabitants of the surrounding 
villages have put cross-bunds to raise water level for irrigation 
purposes. The cross-bunds constructed for the purpose of control. 
ling the slope can serve similar purpose of providing water for 
irrigation to the adjoining land. 

Discharges of the torrents are not very much, So the provi- 
sion of a limited number of cross-bunds and partial diversion of the 
flood discharge will make it possible for the outfall channel to get 
much less contribution of the discharge and hence very little 
supply of load from these torrents. 

The cross-bunds will serve a dual purpose. They will check, to 

a great extent, the entry of huge rocks and boulders into the outfall 
channel and will thus serve to improve the flow condition of the 
outfall channel and also serve for irrigating the surrounding lands. 


Cross Bunds 

The boulder bars or weirs may be in cement concrete 
or wire or wooden crates. These will be expensive, espe- 
cially the first two. The cost of cement in the Kashmir valley 
is exorbitant. The G. I, wire will also not be easily available 
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The most economical and also satisfactory material available local- 


ly in the valley is timber. Deodar wood is available at each site 
on these torrents. The use of timber would, therefore, be much 
preferable to any other material. The ballies will be erected close 
together such that the space between them would be much less 
than that of the minimum size of the boulder available. The space 
enclosed by ballies will be flled in by boulders nicely packed up. 
The voids between the ballies will be ultimately filled by the 
finer material brought by the torrents. In the course of time it will 
become a solid mass. These boulder bars will be of the same 
design in the different cases. A typical design is given below: 


Depth below H. F. L. at UJS end =d max. 
R. L. of the top 


Height of the bund above the 
bed at upstream end = demas — 1 


Width of the horizontal top = 3) 
Slope of the downstream 
glacis in 1.5 length of the 
downstream floor along the bed 


3 


Upstream glacis timber ballies, = Vertical (con- 
S sisting of Tow 


of ballies ) 


Position of Bars 

In case of Naranthal Nar three sites have been proposed 
These are at chainage 48, 38 and 28. The maximum depth of 
flow recorded at chainage 48 is 2’ only. Sothe top of the wei 
or bar will be three feet above the bed at upstream fall. Si a 
the bed slope is 1 in 3°62, therefore, the projected seer or 
sloping glacis along the bed will be 101 feet and the downstr 
boulder floor will be three feet wide at the base. The ieee 
for the bar at chainage 48 is shown in Fig. 133. Similarly design 
for other sites i.e. 38 and 28 are represented in Figs. 134 and 135 


In case of other torrents the desi 
te esign of boulder bars will b 
the aus as outlined in Figs. 136, 137, 138, 139, 140 and 141 sh, 
suitable sites for th 
pe nae e boulder bars on other torrents are 
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Fig. 142 A—Old Foot Bridge at Baramiulla with Massive Stone Apron laid 
Barein low Water, 
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“408 
Name of Torrent- Site 
1. | Grat Nar Chain 16 
2. Kandar Nar _ Chain 28 and chain 16 
3,  Hajabal Nar Chain 12 
4, Naranthal Nar Chain 48, chain 38 and chain 28 
5. Khadanyar Nar Chain 28 and chain 12. 


The sites and long sections of the bunds have been shown in 
the respective plans of the torrents: Table LV gives the design 
data of different boulder bars on various torrents. The top of the 
boulder bars has been kept at one foot above the highest flood level. 
It has been shown that the banks are fairly high to accommodate 
the new water level in the presence of the boulder bar with large 
free board. However, if at any site further detailed observations 
indicate that the banks are not very high, the top levels of the 
boulder bar may be kept at the same height as the highest flood 
level. It isexpected that with the construction of these weirs or 
boulder bars the bed slope would be stabilized. The detritus load 
carried by these streams would be considerably diminished. 


WV Rewioval of the Foot Bridge at Baramulla 


_ There is an old bridge over the outfall channel at Baramulla 
which connects the two parts of the city. The bridge consists cf 
piers. The piers are wooden with stone aprons. Besides the apron, 
a large amount of stone have been dumped in above the aprons 
against the piers. The stones are in wire crates. The apronand 
the stone heaps are very well above the low water level as shown 
in Figs. 142A—B. A considerable portion of the waterway 
between the high banks at Baramulla is obstructed by the stone 
aprons and stones dumped against the piers, Upto medium river 
stages, there would be marked effect of this obstruction. However, 
in high flood stages the effect would not be so much. 


It is considered necessary that the bridge. should be removed. 

All the stones lying there should be salvaged out. There isa new 

bridge already constructed. In the presence of that bridge there 

seem no necessity of the old bridge at all, Removal of the bridge 
should be effected early, 
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V Removal of th 


e Obstruction caused by Ningle Plantation 


n both sides of the outfall channel 


i ntation oO 
The willow pla Plantation retards the flow 


: ae 
above Sopore bridge known as Ning n 
be eens high river stages. Besides increasing the co 


i in the depositions 
i ‘ew of flow, the plantation helps in 
efficient of rugosity 0 Be micae Ser, 


of the sediment brought by the Ning: 
the river. The willow plantation may bring a lot of revenue to the 
; ¢ the outfall channel when 


State. But, with the present condition 0 
itis heavily silted up, its removal is suggested as it definitely 


retards the flow of water during floods. 


VI Removal of the Debris from the Bed of the Outfall Channel 


The measures suggested to improve the outfall channel are 
primarily to prevent the heavy detritus load from its tributaries 
coming into it and deteriorating. its capacity. After the measures 
are adopted, it is expected that there would be no further deterio- 
ration of the outfall channel. Regarding the deterioraticn which 
has already taken place, itis pointed out that the clear water 
running in the outfall channe] after the adoption of the measures 
will pick up large quantities of comparatively fine material 
deposited in the bed. It has been observed on several works. 
especially bridges and regulators on different canals, that after the 
sediment is extracted from the water, very heavy scour occurs at: 
piers and abutments and in the general bed by the clear water 
running in the canals. On the Western Jumna Canal, after the 
construction of silting tanks, heavy scour occurred especially at the 
bridges on the Main Line Upper, j 


However, with the low velocities in the outfall, it is not 
expected that very coarse material, such as large size shingle and 
boulders which move with very steep slope, will be picked up by 
the water in the outfall channel. This material has to be removed 
from the channel in order toimprove its capacity. The bed in 
certain reaches has to be cleared of this deposit either manually 
or by mechanical means by the use of dredges etc. The selective 
dredging of the bed may be carried out, especially at the mouth of 
the tributaries. The bars formed by the Ningle, the Pohru, the 

Vij and the hill torrents should be removed. Economics of the 
alternative methods of clearing the bed may be worked out. But 
it is believed that for the work like this, mechanical dredging will 
be more suitable. This should, however, be adopted two or three 
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years after the measures have been carried out and clear water had 
the opportunity to pick-up and transport as much material as 


it can. 


3. 


2 
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CHAPTER TWENTY TWO 


SHAPE OF THE VALLEY OF 
KASHMIR AFTER THE 
PROPOSED MEASURES 
HAVE BEEN ADOPTED ~ 


Besides providing solution of the immediate problems of flood 
control and drainage in the Kashmir Valley, the proposed measures 
are designed to have a long range effect also. To have a clear 
picture of what the proposed scheme of flood control is intended 
to accomplish inthe future, say in about eighty years, brief out- 
lines of the changes that the valley of Kashmir shall have under- 
gone both topographically and hydrographically, are given in this 
Chapter. Fig. 143 indicates the measures, such as the supplemen- 
tary channel, cut-offs and diversion of the Ningle and Pohru etc., 
recommended in the scheme of flood control and drainage 
in the valley. 


The general levels of the low-lying parts of the valley, at 
present under swamps, jhils,and lakes are rising due to the 
deposition of sediment material swept down from the surrounding 
mountains by hill torrents that debouch in these areas. Left to 
nature alone, these depressions in the valley will take a very long 
time to fill up. Acceleration of these natural agencies in the 
process of silting up and ultimate reclamation of all the low areas 


under nambals and lakes, has been kept under view as a lon -range 
object of some of the measures recommended in the scheme. 
eS ee 


After the process of reclamation is complete, the shape of the 


valley shall have changed to a marked extent. The changes are 
indicated in Fig. 144. \ 
a Bp enone 


Change in Topography 


Above hundred square miles of extensive valley land under 
nambals and jhils isin the worst water-logged conditions. There 
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offs as proposed 


helum River in Kashmir Valley with the Supplementary Channe and Cut- 


Flood Protection Scheme. 


143—The J 
in the 


Fig. 
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SHAPE OF THE VALLEY OF KASHMIR 415 
tracts under almost ‘stagnant water with purifying remains of 
organic matter in them, lost for use as cultivable land. It is during 
the floods in the valley, when the Jhelum river spills over its banks, 
that the normal tenor of these nambals and lakes is broken; their 
water level rises and they grow into extensive flood reservoirs of 
great capacity. The Wular lake also swells up and its boundary 
stretches as far as to include the Haigam jhil, and the Barangora 
swamps inthe south. It ‘covers an area of eighty square miles. The 
proposed supplementary channel taking off from a little below 
Dogripura, where the spill into the valley starts, and designed to 
take a major share of the sediment material carried by the Jhelum 
during flood, has been aligned to pass through the low-lying part 
of the valley to the. Wular lake. By a special technique all 
the silt that the: channel carries shall be made to deposit in these 
nambals and jhils. The natural process of reclamation would thus 
be very much accelerated and all the low-lying lands at present 
under marshes and jhils shall come out high and dry. 


Period of Reclamation 


Mr: Purves worked the average discharges entering the lake, 
from various sources as detailed : i) The Jhelum river, 8000 cusecs, 
Gi) Barangora Swamps, 3000 cusecs, Gii) The Sind River 3500 
cusecs and (iv) Eastern and Northern shores 680 cusecs. The 
supply received from Barangora Swamps and the Sind river bzing 
the practically silt free, they were kept out of the account. Taking 
silteratio as 1/4000 for the Jhelum river and 1/2000 for the northern 
and eastern shores, the amount of silt load brought into the Wular 
lake is 468 feet acres per day or 1287 feet acres per annum. The 
capacity of the Wular lake below R. L. 51700 as estimated by 
Purves is about 5,45,000 feet acres. Without the sediment mate- 
rial diverted from the Pohru, the present sources of supply would 
take about 424 years for completely silting up the lake. With the 


Pohru diverted into the Wular Lake, this period would be reduced 
to 297 years. 


. 


The bed load brought by the Pohru river at Suil has now been 
calculated by the latest methods of bed load calculations (Chapter 
XXI Page 376). It comes to 71349 feet acre perannum. The 
total load including the wash load, taken as 90% of the total, 
comes to 71350 acre feet. With the silt from the Pohru river 
added to that being carried intothe lake annually by the Jhelum 
and the affluents from the Eastern and Northern shores, the total 
are shallow marshes bearing dense weed growth; there are small 
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lar lake amounts to (7135°0-+: 
m. Assuming firstly that only 
all channel as suspension load, and. 
Wular lake upto R. L. 5170 (as 
me taken by the lake to 
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o the Wu 


fond: being dumped int 
r annu 


$287'0)=8422 feet acres. pe 
20% passes down the outf 
secondly that a capacity of the 
taken by Purves) is 5,435,000 feet, the tl 
get silted to this level work 

5450007 808 say 81 years. 


(Detailed calculations are gi 


s out to 


yen in Table LVI). 

the nambals to be reclaimed by the 
he Batmalu nambal situated in, the 
The average design R. L, of the 


The first of the series of 


supplementary channel: is t 


south-east of the city of Srinagar. 
water surface in the supplementary channel for 40,000 cusecs is 


520201. Supposing that by the special technique of silt deposition 
scheme, the deposition takes place upto R. L. 


he highest flood level in the supplementary 
as measured from the available con- 
50 acres and the capacity to 26600 
imated that the bed-load in the 
C00 cusecs discharge 1s 3°2 acre 


feet per day (Chapter XV). Then total load, including the 
bed and the suspended load may be taken as ten times the bed 
load, #.2., 32% 10=32 acre feet per day. Assuming that this dis- 
charge of 20,000 cusecs runs into the supplementary channel for a 
total of fifteen days a year, then the time taken for the complete 
silting up of the Batmalu nambal comes to 
26600 
32X15. 
(Detailed calculations are givenin Table LVII). 
| After the Hokarsar lake, it is the turn of the Miragund lake . 
to claim the silt content of the supplementary channel for its 
reclamation. The average designed R. L. of water surface in the 
supplementary channel as it passes through the Miragund lake is 
51950. Supposing that silting up takes place upto R. L. 5192 
the area and capacity of the Miragund lake belowmthie level’ 
estimated from the contour survey plan of the lake is 3670 oe 
and 1y,300 acre feet respectively. Assuming the di h ieee 
re eiagene channel as 20,000 cusecs which runs a oe 
He Sone : 
y the ee = silting up of the Miragund lake comes to 
32x15” =40 2 years. 
(Detailed calculations are given in Table LVIII) 


as proposed in the 
51960, i.e, 6’ below t 
channel, the area reclaimed 
tour survey plan, comes to 6,0 
acre feet. It has been est 
supplementary channel with 20, 


=55'42 years, say 60 years. 
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TABLE LVI . 


Reclamation of Wular Lake 
a 


y. Maximum. water ‘surface level -in ; 
the Wular lake =R.L. 5182 in 1948. - 


2. Capacity of Wular lake upto R. i 


5170 as calculated by Purves =5,45,000 acre ft. 


3. Total Bed Load brought by Pohru 
River at Suil per season with an 
average discharge of 6,000 cusecs 
running for a period of 180 days 
are as below. 


(i) 13,000 cs. discharge for 10 
days. : 


(@) 8,000 cs. discharge for 30 
days. . 


' (iii) 6,000 cs. discharge for 60 
days. ees 


(iv) 4,000 cs. discharge for 80 
days. 


713°49 acre feet. 
Total load including the wash load =713°49 Say 713°5 acre ft. 


4. Load’ brought: by Sindh river as 2 
given by Purves Nil. 


5. Load brought by Eastern and Nor- 
-~ - thern shores discharging about 680 
cusecs for 275 days as calculated by 
Purves : _=187 acre ft. 


6. Load calculated by Purves for the - 
Jhelum river near Banyari with an 
average discharge of 8,000 cusecs 
running for a period of 215 days =1100 acre ft. 
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tal load or sediment that 


7. So the to 
the lake is as below. 


comes in 
(i) Total Load of Pohru | ==7135 acre ft. 


(ii) Total Load of Jhelum , ~ =2100 acre ft. 


(iii) Total Load of Eastern , 
and Northern shores = 187 acre ft. 
é ~ ———————— 
TOTAL 8422 acre ft. 


— 


8. Suppose 20 per cent of this load will 
pass into the outfall channel, the 
amount of load which might depo- 
sit in the Wular laked uring the year =6738 acre ft. 


9. Time required for filling up the ny 
lake up toR.L. §170 52453000 _ _-g9-8 year 
Pah Pethcts PBA C; one 


Sey et yas. 


| : 
, | 
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“TABLE LYII 


Reclamation of Batmalu Nambal with the Silt Load 
. of Supplementary. Channel 


a 


+ award 


Average Designed R. L. of water surface 
in supplementary channel in 
Batmalu nambal reach =§202°O1 


Supposing silting up takes place upto - 
R. L. 5196 (.e., 6 ft. below H. F. ite¢ 
in- Supplementary Channel) 
Area Reclaimed upto R. L. 5196.- f)=6050 acres 


Bed load in Supplementary @hannel.é sazu-t- ts 
with 20,000 cusecs=discharge =302 acre feet/day. 


Total Load (Including Bed and Sus- © 


pended Load) = 5a AIA 32 acre feet/day 
Suppose this Discharge .of 20,000, will. gis 
_~ run-in: Supplementary Channel fOL ee 
15 days every, year 
Capacity which will: be silted. up very, 22.5 tex See 
year es "" -==332 X15 =480 acre feet. 
- Capacity of Batmalu nambal upto R.L. 5196 . =26,600 acre feet. 
Time taken for silting up of Batmalu 26,600 = 
Bea. ari tn) on cnet ay na De ae oo 


=55°4 years. 


s 


aS 
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- TABLE LVIII 


~ 5 Reclamation of Miragund Lake - 
ea nae i er aie eS 
Average Designed R: L. of water sur- ae 

face in spill channel through Mira- 

gund Lake =5,198'0 . 
Suppose silting will take place upto 

R. L. 5192 : 

Area Reclaimed =3,670 acres 


Bed Load in. Supplementary Channel 
with 20,000 cusecs Discharge , =3°2 acre feet/day.. 


Total Load (Including Suspended one) 3-2 x t00 
a ¥ ; =-——_———-32 acre feet /day. 


IO 
Suppose Discharge 20,000 will run in 


Supplementary Channel for 15 days 
every year . 


Capacity which will be silted up every , 
; =32X15=480 acre feet 


year 
1920 
Capacity of Miragund lake © = 
1 ae oe waar = ees 
Time tach for silting up of Mi 193300 
ilting up o Miragund aes =40'2 years. 


& 





CHAPTER TWENTYTHREE - 


COST OF PROJECT AND ITS 
PHASE PROGRAMME 


To obtain an approximate idea of the cost of the project, rough esti- 
mates based on the prevailing rate in the Kashmir Valley have been pre- 
pared. It has been assumed that most of the work will be done by ual 
labour since this is considered to be cheaper in the Valley than the mechani- 


cal labour. 


MANUAL LABOUR 


For six months in a year, almost the entire peasant population of the 
Valley is underemployed or idle as the ground is frozen and the Valley 
experiences many a snow-fall during the moaths of December, January and 
February. Thousands of unskilled labourers who are engaged in cultiva- 
tion of paddy during the months of May, June, July, September and Octo- 
ber migrate to the plains of India and find employment as porters, wood- 
splitters and on odd manual jobs. The execution of project by ' manual 
labour will provide the much needed employment for thousands of Kashmiri . ‘ 
labourers in their own homeland. Since the climatic conditions in the valley 
and the pre-occupation of the mass of peasant labour with the cultivation of 
rice which is the major crop grown in the valley, allow a very small span of 
time; during spring and autumn at the disposal of the Engineers when they 
can switch on a full-scale operation. In this small period they should 
plan to get the maximum output of work by gearing in the maximum man- 
power. During summer when majority of labour are busy with agricultural 
pursuits, the tempo of manual work may be slackened. _ During this slack 
season when labour is not available in abundance works of skilled nature 
like masonry works may be taken in hand for execution. 


The total, earthwork involved on the new works in the valley will be 
about four hundred and forty-five million cubic feet. : 
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COST OF PROJECT 


The scheme of the flood control, drainage and reclamation in 
Kashmir Valley is estimated to cost above one crore of rupees 
according to the prevalent rates in the valley. An abstract of the 
estimated cost of the propos2d measures is given below — 


Abstract of Cost 


Quantity Rate Amount 
S. No. _ Particulars fts. in in Per Rs. in 
crores Rs, _ Lakhs 
(A) Supplementary Channel 
(1) Earthwork : 
Part I—Offtake from below 
, Dogripura to Kandizal 185 37°00 
Part I—Kandizal to Flood Spill : 
-channel ? 900 20/-per °/.. Cfts. 18°00 
Part III—F. S, Channel to Hokarsar 3°00 25/- 750 
. Part IV—Hokarsar to Wular 700 25/- 17°50 
) , 80°00 
(2) Masonry Works: 
(:) Temporary Silt & Protec- 
tion works at Kandizal = _— = 0°50 


(ii) One Road Bridge on Rfts. 
Pampore-Pulwama Road 500 400/- per Rft. 2°00 
iii) Reconstruction of 


Rambagh Bridge 280 Rft. @ 150/-: :0°42) : : ,. 
120 Rft. @ 400]- : 0°48) : ; 990 Say 1°00 


(iv) Exteasion of Doodhganga Syphon 0°50 
(v) Remodelling of Narabal Bridge 100 
(vi) Extension of Sumbal Canal Syphon 1:25 
(vii) Remodelling Singhpur Bridge: 1:00 
(viii) Remodelling Naidkhai Bridge 1:00 
(ix) Six Foot- bridges @ Rs. 30,000]- each. 180 


(x) Drainages coming into the Channel : 


(a) Inlets 6 @0OWeach 0°60) 
(6) Back- 1°50 
water. 6 @ 0°15 each 0°90 J 


1155 
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(3) Compensation for Property 
v i 5000x800 ) 
(a) Land 3°00 lacs { 35 miles xX | 
ildi 0°50 lacs } 3X 5445 
eee anes { :- 10,000 kanals i 
L @ 30/- per kanalJ 
Total of (A) Supplementary Channel 95°05 
:—-(A) 1. Earthwork 80°00 } 
Nee 2. Nissoney works 11°55 | 95°05 
t 3. Compensation 3°50J 
(B) Cut-offs Rs, 
(1) Cut-off at Pampore: s ye in lakhs 
(i) Earthwork 70 lacs cft. @ 20-"lco cft. 1°40 
(ii) Inlet works 0°20 
(ii) Compensation of Property (i) Land 0°20 
; ; 1.80 


———, 


(2) Cut-off at Sheopore : 
(i) Earthwork 0'50 crore cft. @ 30/- lo. cft, 15 


(ii) Compensation of Property (i) Land 100 
(iii) Bridges : Gi) Buildings Ba 

| ce 
Total (B) cut-ofis 6°80 lacs, 


(C) Diversions 
(1) Ningli Diversion : 


(i) Earthwork 1 crore cft, @15]- “les cft, 1°50 
(ii) Masonry works . 0°22 
(Relocation of Haigam Road 13 miles @ 15 000/- 
per mile.) as 
(iit) Compensation of Property (i) Land 0°25 
(iv) Foot bridges & 1 No, Flumes 0'25 


Swot — 


222 
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(2) Pohru Diversion : 


(i) Earthwork 


3 crore cft. @ 20/- per “les cft, 750 
(ii) Masonry works 


(a) Inlet works 


0°30 
(b) 2 Road Bridges 350 ft. span @ 400 2°80 
(c) Foot bridges & trestles for Pipeline for 
Sopore 0°30 
(d) Syphon for Distt. No. 2 150 cusecs and 
Remodelling of Distributory 2°50 
(iii) Compensation of Property : (i) Land 
(7 x 5000 x 400)/5445 : - 3000 kanals 
@ 30/- per kanal 100 
14°40 
(3) Hamal Diversion 


(i) Earthwork 

(ii) Masonry works: 
(a) Foot bridges and fumes . 
(6) Compensation 


70 lacs cft. @ 15/- per “leo cft, 1°00 


0115 
0°20 
135 


Total (C) Diversions 17°97 lakhs Say 18'00 lakhs. 
Note: (B) (1) Earthwork 2'90 (2) Masonry works 0°20) Total 


r 680 
(3) Compensation 1°70 (4) Bridges 200) 
(C) Earthwork 10°00 ) 
Masonry works 6°52 }17'97 Say 18'00 lakhs 
Compensation 1°45] 
Abstract of Cost 
(D) Stabilization of Hill Torrents 0°40 
(E) Removal of Baramulla Old Bridge and 
Construction of Foot bridge 1°00 
(F) Gagarzu Anchar Cut 2'00 
(G) Unforeseen Items 3'80 


Grand Total (A to G) 12705 
H) Add Contingencies @ 5% i} 
' Workcharged Estt. @ 2% F x 
Estt. during construction @4% {| 

Tools and Plant @ 1% 


On all items except Compensation 14'448 


12% 


Grand Total 1°42 crore 141°498 
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CHAPTER TWENTY FourR 


FLOOD CONTROL ORGANIZATION 
AND PRIORITY OF works 


gineer, Irrigation Department, 
For planning and detailed 
special division is necessary. 


Jammu and Kashmir Government, 
working of the project, setting up of a 


Special Irrigation Division 


The special division shall have the following functions to 
perform :— 


It shall collect and collate the hydrological and hydraulic data 
and maintain a regular and authentic record thereof. 


It shall have competent and fully equipped staff who can deal 
adequately with the following important aspects of their work :— 


ak Surveys: An experienced team of surveyors shall be required 

; to furnish fresh surveys of different sites connected 

with the scheme. : 

2. Sediment: A central silt laboratory with about a dozen feld 
laboratories located in suitable sites for collecting 
sediment data regarding both the silt in suspension 
as well as that rolling on bed, in the Jhelum river 
and its important tributaries. 

3. Design pig design section capable of working out details of 
designs of works recommended in the scheme of 
flood control ‘in hand. 

4.- Maintenance: Maintenance of the completed works shall also 
fall in the province of this division. 


; Besides the above mentioned work and normal activities, viz. 
m2asurement of flood discharges and recording gauges at different 
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gauge-sites, duties of vigilance in the event & a ne ae ees 
warnings shall also develop on this division. n the ao : 4 
emergency during floods, the divisional engineer, ie wore the 
special division, shall be empowered to plan and ae - Ppre- 
cautionary measures and _ shall mobilize officers, subordinates, 
contractors, labour, voluntary and hired, in addition to the powers 
to carry out emergency repairs and make arrangements for the 


transport of material, etc. 


After the floods have subsided, an account of the damages 
shall be taken and the Chief Engineer, Irrigation, shall arrange to 


repair them. 


Machinery and Mechanics 

Since the scheme of flood control, now advocated, involves 
large quantities of earthwork, which the labour available in the 
valley may not be able to cope with satisfactorily, earth-moving 
machinery and other equipment may have to be made use of, 


A two- or three-man committee of experts should be appointed 
to decide upon the exact type of th2 machinery that shall be 
required for the work envisaged in the scheme, 


While the arrangements for the procurement of the equipment 
and machinery are being made through the Government of India, 
the personnel for operation and maintenance of the machinery may 
be trained, 


Committee on Flood Control 


in the scheme of flood control, drainage and reclamation in 


the valley, the appointment of a committee or board of 
members is suggested. 


The committee shall ensure complete coordination of 
different aspects of the scheme besides assuring a continuity in th 
policy of the execution of work of the scheme which js like! ie 
continue for a number of years. To have a closer contact erer 
people, uncfficial members May also be invited to assure dood 
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Priority of Work 


The construction of the supplementary channel and its further 
continuation in the form of enlarged flood-spill channel is the most 
important and effective measure that is designed to make the valley 
above the city of Srinagar and the city itself secure against foods 
It involves the maximum earthwork and, being about forty-eight 
miles long,.shall take the maximum time in its completion. Being 
first in importance, its construction should be started from Wular 
to Haigam jhiland upward. Then the existing flood-spill channel 
should be enlarged and the work continued, raising Bue bunds of 
nambals that fall in the bay. 


The measures for improvement of the outfall channel should 
be started simultaneously with the construction of the supplementary 
channel and should also start with the stabilization of the hill 
torrents and end withthe diversion of the Ningle and the Pohru 
nallahs. The selective dredging should comethe last. It should 
be taken up after a lapse of a year after the diversion of the tnbu- 
taries, to let the outfall channel have enough time to transport 


the silt that can be picked up by it. The dredging should be 
done by machinery. 


By the time the supplementary channel is ready, the outfall 
channel should have been sufficiently improved so that it can cope 
with the higher discharges flowing into it from the lake whose 
levels, after receiving the supplies direct from the supplementary 
channel and the Pohru river, must rise. 


Work on cut-offs should be taken up after the supplementary 
channel is completed. The lower cut-off should be made first. 


Gagarzoo-Anchar Cut should soon follow to relieve congestion 
in the river channel below the city to Shaidpura. Last of all, but 
not least in importance, the spill weir between the Sonti kuhl and 
Dall may be taken up as an additional measure for the 
safety of Srinagar. 


Priority of Works proposed in the Scheme of Flood Control, 
Drainage and Reclamation in the Kashmir Valley 
Improvement of the Outfall Channel 

1. The stabilization of Hill Torrents. 

2. Diversion of the Ningle nallah, 
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Diversion of the Pohru river. 

After the hill torrents have been stabilized arid Phe 
Pohru and Ningle diverted, dredging operation at 
selected places like bars formed by the tributaries of the 


outfall channel, to be carried out. 


' Flood Control a Reclamation above the Wular Lake 
5. Construction of the Supplementary Channel. Preferably 


10, 
11. 
12. 
13. 


to be started with the widening of the existing Cuts, 
connecting different nambals and making the channel 


from the Wular to Haigam and upstream. 
Flood-spill Channel to be widened or deepened to accomo- 
date the floodway discharge. 

Bunds around nambals to be raised. 

Construction of the floodway from Padshahibagh or Ram- 


bagh to Rashidpura. 
Strengthening and raising of bunds above Srinagar. 
Shivpura Cut-Offs. 

Pampore Cut-Offs. 

Gagarzoo-Anchar Cut. 

Spill weir between Sonti kuhl and Dall. 


APPENDICES 
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Mean Temperature 


Mean Humidity 
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Mean Vapour 





Pressure 

cia 89 148 
al 88 “150 
463 8% 233 
52°1 80 “O74 
62:2 77 +383 
‘657 76 “435 
719 74 ‘S11 
740 83 “595 
68°3 76 “434 
59°9 84 +328 
48°4 87 “208 
40°5 83 “154 





APPENDIX I11 


SEDIMENT INVESTIGATIONS 


A description of the method of sampling and analysis is given 


below : 
1. SEDIMENT SAMPLING 


The Sediment sampling can be divided into two parts: 
‘(a) Sampling of Sediment in Suspension. 


(b) Bed Sediment Sampling, 


(a) Sediment in Suspension 


Samplers a 
Many typesof samplers have been developed in the Punjab.- 


Most commonly used are the Bottle and Uppal samplers. In 
a bottle sampler there is an arrangement for fitting one litre bottle 
inaframework with suitable lever arrangement for Opening and 
closing. Uppal’s sampler is instantaneous sampler with shutter 
arrangement for opening and closing. The capacity is two litres. 


Sampling 
Samples are usually taken from the boil formed down- 


stream ofthe regulator. Experiments have shown that sedi- 
ment is uniformly mixed up in the boil. Where it is not possible to 
take samples from the boil, they are taken from certain definite 
depths. In case of bottle sampler the minimum time required for 
the bottle to fill completely is determined beforehand and the bottle 
is kept open for that period. In case of Uppal sampler the question 
of time does not arise at all, 
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the efficiency. The samples are taken from different depths, i.e., 
"J, '2, 3, and ‘9 of depth. But the mean silt is taken at “6 of depth 
and efficiency of silt ejector or total quantity entering the canal is 
worked out with respect to the mean silt at 6 of depth. Five 
samples are taken from each point and are mixed together in one 
enamelled bucket so as to take the niean of five observations. 


Silt Analysis 


The surplus water of the bucket is decanted off and atter 
giving a settling time of five minutes. the residue is analysed into 
coarse and medium silt. , 


Coarse Silt above ‘2 mm. Diameter 


The residue of the bucket is transferred to a bucket through 
100 mesh sieve. The material that remains above the sieve is washed 
out thoroughly ‘with the help of the wash bottle and is then ‘trans- 
ferred to a silt measuring tube and volume is measured and recorded. 


Medium Silt (075—'2mm) 


The material that passes through the sieve contains medium silt 
and a patt of finesilt, below (075 mm. A mark is placed at the 
height of 10 cm. of the beaker. This 10 cm. column is stirred fora 
period of 25 seconds so that all the silt is brought int» suspension. 
After that it is given a settling time depending upon the temperature 
of the water according to the foliowing chart. During this period 
all the medium silt settles down and only fine silt remains in 
suspension. 


Temperature Time allowed for Hydrometer 
Reading 
10°C re 27 Seconds 
qi —15.-€ - 2 5 
16—20 °C 22 5 
21—25 °C 20. +i 


The water in the beaker is gently poured down Les des 
small quantity necessary to prevent pouring of medium i Be e 
‘the bottom. The beaker is again filled up to mark with clea 
ae K Lp nd the process is repeated till whole of the fine silt 
es eee the medium silt is transferred to a silt measuring 


” gets out. | 


, 


“tube and measured: - 
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Fine Silt i eae if 
i from the canal for the ana 
i Se Bee wake aay mixed up except w 
an te beftcseda just downstream of the ane a se pra 
channels, The fine silt is analysed with the help i ue . 
meter, There are graduations on the cratin andi te - 
in distilled water at different temperatures, T e ete Be 
in the bucket is stirred with hand and poured intoa Pe i § we 
cylinder. The temperature of the water is recorde e pee ¥ 
The hydrometer is placed into the double-jacketted cylinder 
immediatly and a stop watch is started at the same time. The 


reading of the hydrometer is taken after an exact interval, depend- 
temperature of the water according to the 


YSis 
hen 


ing upon the 
following table, 
Time allowed for the 


sae Hydrometer Reading | 
10°C 94 Seconds 
11—15 °C : 87 4 
16—20 °C ee Whe =a 
21—25 °C LObexe 
26—30 °C 63 ” 
31—35 °C Sy gi 


The exact temperature is also taken at the time of taking the 
hydrometer reading. : eres 


The fine silt=(R, — R) x 19 in grams Per litre, 


When R, is the Teading of hydrometer in the silt charged 
water at the recorded temperature, 


R=Reading of the hydrometer in distilled Water at the same 
temperature (read from the chart supplied with the 
hydrometer), 


Calculations 


measuring tube in cc. The volume is multiplied by 1°4, the density 
i As this quantity is 


et the results in &lams per litre. 








‘12. Petri dishes one foot diameter glass or E. MG 
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The silt entering ’canal in cft. in 24 hours 
=DxSx62 


where D is the canal discharge and S is silt in grams _ per litre. 


) Bed Silt Analysis 


The bed silt samples are taken from the bed of the canal with 
the help of a bed silt sampler. The sample taken is dried and 
then a known weight of it is passed through sieves ranging bet- 
ween 4 mm. diameter and ‘6 mm. diameter. The quantity of each 
grade is weighed and recorded. The silt below ‘6 mm. is analysed 
with the help of Puri Siltometer or Uppal Air Siltometer with the 
help of which silt between ‘6 mm. and ‘075 mm. can be analysed. 
The summation and distribution curves are then drawn for the 
samples. 


The shingle samples are analysed by measuring their major 
and minor axis and then plotting the percentage of each grade 


against the diameter. 


List of Apparatus required for a Silt Laboratory 





S. No. Name of Articles | No. | Amount 
BPR edad see te On ERS OEM te CE 
: | 2 | 3 | 4 
ee ee ee era a Tae 2 
1,’ Water Sit Sampler eh ; 2 500|-I- 
Oe Bed Silt Sampler] 1» 100)-I- 
3. Puri Siltometer ‘with silt dropping device 1 - 300|-]- 
4, (a) Silt Measuring tubes 2cc. 30: 50}-I- 
' (p) Silt Measuring tubes Sec. 6 10}-1- 
5 Wooden stand for 20 S. M. tubes 1 2}-]- 
6 ihenuometer 50° c. 1 20/-I- 
; 1 Ghranoscaph watch 1 70|-I- 
8 Balance with weight box 1 : 100]-]- 
“9 Spatula Iron or Steel 1 2I-|- 
Yo. Camel hair brushes 2 2I-I- 
11. Metallic wash bottle fitted with tubes 2 as 
: : s 
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List of Apparatus—contd 





1 2 
13. Enamel Iron Buckets with lids IB 180]-}- 
14, GL Buckets $ 40]-|- 
15. £E.1,Jug fs 5 elas 
16, ° EI. Cup Sue Ae: 
17. Rubber Pad, 6” x 4” me 1]-/- 
18. Beakers metallic hard glass 12 cm. tall (400 to 500 cc.) 12 60]-]- 
19. _Encma syringe P é 5]-]- 
20. One litre sampling bottles metallic, (if bottle sampler 
is to be used) 2 20]-/ 
2); Set of Sieves from ‘6 mm. to 4°0 mm. 1 25]-]- 
22. Hundred mesh sieves 2 5]/-|- 
23. Wooden stand for filtrations 2 3]-]- 
24. ~+—*«E. I. Funnel 6” diameter Z 6-|- 
25. Rubber cork 2cm. diameter 4 4]-|- 
26. Cork borer set 1 2]-/- 
_ 27. — Glass rod, weight 4 ounces 2]-|- 
28. . Glass tubings, weight 8 ounces ; 1 ip 
29, Spirit lamp'or blow lamp -- 1 15]-|e. 
30. sree rae with chart and double-jacketted - 
31, Special filtering apparatus : eee 
32. Screw wrench, 4” long ‘ 1 ae 
33. Filter paper sheets 
50 sheets 5]-] - 
34, Glass cylinder in casing 1200 cc, : 2 30]-/- 
35. Laboratory Note Books 
36. Towels xi Bale 
37, Sunlight Soap : ae 
33, Soap case . ae es 
39. Dusters, rough and fine : ae 
. ee eas dienes S500 “ tee 
= ubber tubing 0'5 cm, to 1: 0< cm, m, diameter 20 ft. 5]-|- 


42, _E. I. plate, 9” diameter 
1 3-]-/ 


2 





aceite’ ae 
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List of Apparatus—concld. 


a 


I 


43. 
44. 
45. 
46. 
47. 
48, 


49." 


50. 
5I. 


2 a 
China dishes 6  3/-l- 
Half-meter rod I 2j-]- 
Metallic tape 100’ I 25/-/- 
Sounding rods 3 50 -|- 
Shingle catcher I~ 150/-/- 
Spring balance (family) with weighing basin I 25/-/- 
Ounce measures for volume 40 oz. I 5l-I- 
Pointer gauge 1 20/-]- 
Trough metallic, I’x1x1! 1 10f-]- 


rc 2 RS 





———— 


Rs. 2231j/8/- 
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COMMENTS, DISCUSSIONS AND 
DECISIONS ON DR. UPPAL’S 
REPORT ON FLOOD CONTROL, 
DRAINAGE & RECLAMATION 

IN THE KASHMIR VALLEY 


By the end of -1952, as the scheme of Flood Control, Drainage and 
Reclamation in the Kashmir Valley crystallized out, it was presented in 
the form of a report consisting of two parts : the first one dealing with the 
Flood Control and Reclamation in the Valley above the Wular Lake, and 
the second one with Improvement of the outfall from the Wular Lake. 
The report was distributed among the members of the Board of Engineers, 
Jammu and Kashmir Government, the representatives of the Ministry of 
Irrigation and Power, Government of India, and others who were interested 
in the problem for their perusal and comments. It was, however, in the: 
middle of September, 1953, when the Board of Engineers held its first 
meeting in the presence of Shri R. D. Dhir, Director, Central Water and 
Power Commission, New Delhi, and the author who were there by special 
invitation, that the examination of the scheme advocated in the report was 
started in right earnest. In the meeting of the Board of Engineers held 
on the 18th of September, 1953, some of the recommendations of the author 
were agreed upon to be taken up for execution immediately. The remain- 
ing controversial issues raised a series of comments, countercomments and 
some new suggestions for alterations in the main features of the scheme: 

were also made. 


All these notes and comments on the report elucidate the problem 
and are of immense help in bringing about an appreciation of * 





11) APPENDIX 1v.- 45) 
. 2 : ' 
thecomplications-of the problems: 
sand the adequa 
cy of: the measures 


recommended: to solve them. To give thema place in, their rj 
context, these notes, discussions and proceedi A Dens 
Engineers have been set in this Appendix to fare neers 
given here in the chronological sequence in which aoe ee me 
t ace:— 


1. Proceedings of the Meeting of Board of Engineers, Jammu 
& Kashmir Government, held on 18th September, 1953, at Srinagar 


2. Report by Shri R. D. Dhir on his visit to Kashmi 
.D. 4 
to 19th September, 1953. 0 es a from 14th 


3, Note by Shri Kanwar Sain, Chairman, Central Water & 
Power Commission. iA by 


4. Technical Notes dated 28-11-1953 by Shri R. D. Dhir, 
Director, Central Water & Power Commission,.on the Proposals 
for Flood’Control in Kashmir Valleys: 4 bu ; f 


5. Note dated 3-12-1953 by Mir Ghulam Racal, Development 
Commissioner, Jammu & Kashmir State, on Dr. Uppal’s scheme for 


“Flood Control, Drainage and Reclamation in the Kashmir Valley.” 


6. Remarks dated 15-1-1954 on the Technical Note prepared 
by Shri R. D. Dhir of. Central Water & Power Commission, 
Government of India, on the proposals for Flood Control in Kashmir 
Valley by Mir Ghulam Rasul, Development Commissioner, Kashmir 


Government. 


Ti Recommendatigns of Mr. Ghulam Hassan Khan. Chief 
Engineer, Jammu & Kashmir Government, based on Report of 
Dr. H. L. Uppal, Director, Irrigation & Power Research Institute, 
Punjab, Amritsar.» i as 3 


8. Comments dated 15-4-1954 on the Note:of Mr.‘G. H. ee 
Chief Engineer, Irrigation on Dr. Uppal’s Report for Flood an 
Drainage ‘Problem of Kashmir by Mr. M. G. Rasul,, Development 


Commissioner. Kashmir State. 
9. Note dated 18.4-54 by Shri Kanwar Sain, i's.E., Chairman, 


Central Water & Powatr Commission, on Measures Necessary for 
Flood Control and Drainage of the Kashmir Valley. 
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s OF THE MEETING OF THE BOARD OF 
R GOVERNMENT HELD 
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1. PROCEEDING x 
I 
ENGINEERS, JAMMU & KASHM 

ON 18TH SEPTEMBER, 1953 AT SRINAGAR 


Present: 1. Kanwar Ranjit Singh Jamwal, 


Chief Engineer, Elect. & Mech. Depatt. Chairman 


2. Mr..D.'N. Gupta, 
Chief Engineer, P. W. D., 
Roads and Buildings.. 


3. Mr. Ghulam Rasul, Chief Engineer, 
Irrigation. _ 


4, Mr. G. H. Khan, 
Chief Engineer, Planning. 


Dr. H. L. Uppal, Director, Irrigation & Power Research 
Institute, Punjab, and Mr. R. D, Dhir, Director, Central Water & 
Power Commission, New. Delhi, were also present by special 
invitation and participated in the discussions. 


“1. The scheme drawn up by Dr. Uppal for ‘Flood Control 
Drainage’ etc.. was broadly discussed. It was felt that certain 
aspects of the scheme, e.g., the length and size of the supplemen- 
tary channel to take away the surplus waters, ‘the’ manner in which 
Pohru water, and silt should be disposed off, required further 


; . 
consideration. 


2. It was agreed that the following items of work might be 
taken up immediately :— : 


Estimated cost 


(1) Supplementary Channel (Rs. in Lakhs) 
(i) Kandizal to Flood-spi . 
channel. Beas ise z500)) 


(a) Lower Part : 4 mil ; 
(b) Upper Part : 5 miles J 9 miles | 


(it) Flood-spill channel to ‘ao 
Hokarsar: 5 miles 10°00 | 
(iit) Hokarsar to Wular; 21 miles | ob 23100 











eee Ee ee 
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Estimated cost 
(Rs. in Lakhs) 


(2) (i) Ningle nallah Diversion 2°00) 
(it) Stabilization of Hill | 
torrents ; 0°40 | . 
ee > 400 
Git) Bridge (Baramulla) removal | 
and New Foot bridge 1:00 
(iv) Removal of Ningle Plantation 0°60) 


—— 


———. 


62°00 


(3) (3): It was also felt : 


(1) that the estimates of costs made by the Chief Engineer, 
Irrigation, required further scrutiny and detailed 
estimates and drawings of works listed in paragraph (2) 
above and the phased programme of works should be 
drawn up. The general concensus of opinion was that 
in regard to the section of the Supplementary Channel 
from Kandizal to Flood-spill Channel (Rambagh), the 
lower part, 4 to 5 miles in length, should be taken up 
first, in order to drain off the accumulated water in the 
nambals. Works in the Upper 4 to 5 miles stretch 
should be taken up later. 

4, Mr. Dhir made it clear that he had not sufficient time to 
study the report and his agreement to the above was based only: 
on the knowledge gained by discussions and the two-day visit to 
the sites. Therefore, his agreement was subject to any modifica- 
tions by the Central Water & Power Commission after a study 
of the Scheme. This will be’ expedited as much as possible. 


Sd. Sd. Sd. Sd. . 


MEMBER SECRETARY CHAIRMAN R.D.DHIR H.L. UppaAL 
BOARD OF ENGRS. 


2 REPORT BY SHRI R. D. DHIR ON HIS VISIT TO KASHMIR 
FROM 14TH TO 19TH SEPTEMBER, 1953 


As desired by the Government of India, I visited the Kashmir 
Valley along with Dr. H.L. Uppal, Director, Research Institute, 
Punjab, from the 14th to the 19th September, 1953. We reached 


Srinagar at midday on the 14th and saw Bakhshi Ghulam Mohd, 


CONTROL! IN KASHMIR VALLEY 


te, the same date at about 
xiety to start the 
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Prime Minister, Jammu & Kashmir Sta 
5P.M. He impressed upon us his extreme ans 
work of flood.control and drainage in the valley in; the matter of a 
few days. For doing so, he wanted me to look into the soundness of 
the report prepared by Dr. Uppal as ‘early as possible. Further, he 
wanted his Chief Engineer to so arrange the work as to finish it 
within a period of two years. tsi | 
The Kashmir Government have constituted a Board of Engineers 

consisting of their four Chief Engineers, nimely: 0 

1. the Chief Engineer, Irrigation ; 

2. the Chief Engineer, Electrical and Mechanical ; 

3, the Chief Engineer, Roads: and. Buildings; and 

4. the Chief Engineer, Planning. 


All important engineering’ problems’ ate ‘referred to this Board 
for advice,’ The Prime Minister, Jammu & Kashmir, wanted us 
to join this Board in discussing the scheme and making our 
recommendations. ; , 


‘On: the evening of the 14th and the morning of the 15th we got 
aniidea.of the scheme from Dr: Uppal. and discussed the various 
technical points involved. The afternoon of 15th and the whole 
of 16th we spent in going: round: the valley and seeing the flood 
areas. On the 17th we had a general Jook into the report, and on 
the 18th, we, after a general discussion, drafted out our recommenda- 
tions, A copy of the recommendations is,attached. . It will be seen 
that I made it clear that ,I had not had sufficient time to.study the 
report.and my agreement. to the recommendations was, based. only, 


on the knowlege gained by) discussions. and’, the, two-day, visit, to, 


the various sites. My agreement, therefore, was subject to. further 
modifications by the Central Water & Power Commission after 


a study of the scheme. This study was promised to be expedited 


as much as possible,’ 


When the tecommendations had been drafted and were under 
type, the Prime Minister of Jammu & Kashmir along with his 
Revenue Minister, the Finance Minister, and the Speaker of the 
Constituent Assembly, came up to apprise himself with what w 
had done and what we were going to recommend. ‘T averingalles 


him that according to the ideas of the ‘Chief Engineer Irrigation, 


’ 


about the possible speed of work, the Part of the scheme 
recommended to be carried oyt woyld take at least 3 years. on the 
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assumption that 10,000 labourers would be available to work on it, 
He: went through the draft of ne ae and felt satisfied, 


The Flood Problem of, Kashmir 


“The:flood problem “of Kastmie’ ‘isnot new. The flood of 1893, 
‘the’ first-recorded flood; turned the valley into a virtual lake and 
threaténed the very existence of the’city ‘of ‘Srinagar. The Govern- 
‘ment, ‘therefore, earnestly set out to mitigate the evil. By 1903 a 
flood- ‘spill channel was ee ade for’ diverting a part of the: flood 
Pinte discharging it back i into HS Tiver, some miles below Srinagar’: In 
1915 the Government acquired the “services of Mr: R. E: Purves 
from the Punjab” for investigating ‘the prolebms. His report ‘is, 
however, not now traceable in the State records. After thé severe 
floods of 1928, Rai Bahadur Lala Tulsi Das; the then Chief Engineer, 
put up his proposals ‘for dealing with the problem. His proposals 
were vetted by Mr. D. G. Harris; Consulting “Engiréer, to ‘the 
Government of India, who agreed with them witha few minor modi- 
fications. After 1928, the frequency of high floods,-s¢ems. to shave 
increased as they were experienced in 1929, 1948, 1950 and 1953. In 
1950, Dr. H.L. Uppal was invited from the Punjab. He looked into 
the hydrological data and-old records, and prepared in 1952 his 
proposals for. mitigating the- havoc « of floods and at the’ same time 
reclaiming large areas of land. 


The flood of 1928 was Cae to.carry a L arevaidse of nearly 
80, 002 cusecs below Anantnag. The channel at. Srinagar was cal- 
culated to have a capacity of only 32,000 cusecs. The rest of the 
“flood water had, therefore, to be diverted away from the river in 
the town area. The flood-spill channel taking off from the river 
above the town had a capacity of 17,500 cusecs only, so that ‘a, con- 
siderable part of the flood was allowed to spread out in the low 
“areas till the floods ‘subsided. Parts of these low areas are cul- 
‘tivated. “Crops, therefore, got submerged and damaged. But chine 
“had. to ‘be faced to save the city, of Srinagar. 
sal cut ‘was $ also to. iy sneer one hes river channel below. the 
nant to the Anchar Lake on. ‘the right. This lake has, a ‘fairly big 
#4 i pacity and. can. ‘hold, some, “of. the excess. water. during floods. 






to 92% ‘nother © “ problem which ‘has’ been worryih ge’ ‘the Kashmir 
“Govetament' is that’ o6f37 floods tound the’ Wolar * Lake" "hréa, 


HAT 
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Sizeable margins of the lake have been reclaimed = oes. 
This cultivation gets submerged during high floods and a oe oe 
able loss of crops occurs. In addition to the Jhelum, a num ie Oo 
streams having a total catchment area of about 1,000 ee miles, 
fall into this lake. The Jhelum comes out of the ve its 
qoutheweseern side and: flows down to Baramulla a eo - to 
Khadanyar. _ Some miles below the off-take of the Thelum from 
the Wular Lake, Pohru joints it. The Pohru brings down large 
quantity of detritus of coarse variety and ee outfall 
channel of the Jhelum thus appreciably reducing its draining 
capacity. The result is that the water level in the Wular Lake 
tends to rise and submerge the marginal cultivated lands. Dredging 
of the outfall channel to increase its discharging capacity was, 
‘therefore, started in 1917 and continued till about 1926. With the 
stoppage of dredging, in about two years, silt again got deposited 
‘to its original level; so that the position became as bad as in 1917. 


No dredging has since been resorted to. 


‘Dr. Uppal’s Report 


- Dr. Uppal has done valuable work in collecting in his 
voluminous report allthe past hydrological and other dara, and 
the various suggestions put forward from time to time by different 
engineers for dealing with the problems. He has dealt with the 
problems in two parts namely : 


(i) “Flood Control and Reclamation above the Wular 
Lake” ; and o 


(ii) ce eaten of the Outfall Channel from the Wular 
Lake”. 


@) Flood Control and Reclamation above the Wiatar Lake 


~ Tt has been suggested to construct a supplementary channel 
taking off either from Kandizal (aborit 12 miles above Srinagar) or 
from Dogripura which is much higher, to align ‘it along the lowest 
parts of the valley through local depressions and to drop it direpely 
into the Wular, It has been designed for a discharge of 40,000 
cusecs. The alignment of the supplementary channel makes tse of 
a good length of the old flood-spill channel by increasing its 
capacity, -Besides relieving Pressure in the tiver through Srinagar 
’ this channel. would bring down its: share of silt and, in course of 
time, silt up the depressions, thus. reclaiming sine land for 


t 
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Cultivation. Since the capacity of the river even below Srinagar 
.is not enough to take the full flood discharge with safety, the 
supplementary channel has been designed to discharge directly 
into the Wular Lake. In addition to the supplementary channel, 
two straight cut-offs have been propcsed on- Shivpura and 


Pampore loops of the river to shorten the river course and to lower 
the flood stage. ; 


Comments 


There can hardly be a strong difference of opinion about tke 
necessity of a supplementary route for water, since the safe 
capacity of the river through the city of Srinagar is much less than 
the flood discharge. Purves had suggested partial diversion of 
the Jhelum river through Shadipur nallah and also enlarging the 
existing flood-spill channel. Tulsi Dass had recommended action 
for. increasing the discharging capacity of the existing flood-spill 
channel, and providing openings in the. river bunds akove, from 
Khannabal to Padshahibagh (head of the existing flood-spill 
channel). The object of the last recommendation was to have a 
controlled spill from Jhelum into the valley. Harris was in general 
agreement with Tulsi Dass’ recommendations, and, had, in addition, 
proposed a cut through the Dudhganga ridge to drain off the valley 
above into the Batmallu nambal (..e. depression) which forms a 
part of the existing flood-spill channel, from Batmallu nambal to 
the Jhelum river. 


Thus, every body who examined the probiem in the past had 
recommended increasing the discharging capacity of the existing 
flood-spill channel, but gave it a new head’ higher up, and dis- 
charged it into the Wular instead of the Jhelum. The proposal to 
discharge it into the Wular would appear to be sound. Even now 
only a part of the excess flood water collected in the valley, 
returns to the river below Srinagar, while the rest of it flows down 
through a chain of nambals into the Wular. The proposal is to 
make ‘this flow more regular by connecting up the different 
nambals by means of the proposed supplementary channel, cutting 
through the “Karewas” (High Ground) in between. 


The supplementary channel, from the existing flood-spill 
channel to its new proposed head, has two parts: the upper and 
the lower, of almost equal length, with a nambal in the centre. 
This ‘nambal collects a lot of water during floods, attains a level 
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Bas ys he danger to Srinagat 
‘than that in the Jhelum, ‘and adds tot 
fate teh into theriver. Tt was, ‘therefore, proposed by Harris 
£0 drain it into Batmallu nambal by a cut through the’ Dudhganga 
plementary channel cuts through 


I wer part of ' the sup 
ridge. The ° ‘dtain this nambal. As regards 


to 
Dudganga ridge and will secve 
Fis upper part of 4 to 5 miles length; * the construction work 


Its alignment, the 
1d not be taken in hand in this season. 
ae angle and design, etc., of its off-take, should be found out 


by model tests so as to ensure Eat it Ewould take its due share of 


water and aa 


" view) mal the age aad. of the: extreme anxiety of the Prime 
‘Minister; : Jammu» & Kashmir, to, start--the work. I tentatively 
agreed. to. the Chief Engineer, Icrigation, making preliminary 
‘arrangements ‘for the’ work. to be started -on- the ‘supplementary 
‘channel, even: though I had no time to. study the report. The 
‘Chief Engineer, Irrigation, gave me to understand that the earliest 
he: could make a start on-the actual execution would not be earlier 
than the 15th of:October,, 1953, This: gives us some time tO. study 
the technical details -of : the supplementary channel, such as its 
size, slope, etc.,-and make..suitable. suggestions to. the Kashmir 
Government. -In the final: recommendations as drafted, it has been 
mentioned thit- the upper - 4. to.: 5 miles. of the. supplementary 
channel should be taken up after the lower part. ‘This. will. give 
time for the BUEN tests to be carried out for the upper part. | 


1251 


® Improvement: of the Outfall Channel from Wular Lake 


“Tt has been proposed’ to divert: the Polira’ stream into’ the 
Walar Lake with’ twofold Object : (1) to: keep ‘the outfall channel 
free from the detritus brought down by the Pohru, and (2) to make 
use “of its detritus” for silting“ up the! Walar, ‘When the’ Wulari 
silred ‘up, the” ‘supplemenitaty channel’ isto join the mai 7h Td 
Channel. “This’ would reclaim a‘ ‘very: ‘large ai area of Wul oe ; aa 
vation ‘purposes. “It is ‘claimed’ that’ while’ the Wular is i te 
process of siltirig up, clear’ water would pass down th a 
channel resulting in retrogression of levels and ine oe, 

capacity. What discharge the outfal] channel would ava’ ae 
to carry has not been clearly Mentioned anywhere Perens Z oe 
assumed t that it would Ne able to deal pate the full fl eta 
that comesdown. ont bigeheate 


f Comments: aside 
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This part of the scheme is open to a number of different 
opinions. For instance, whether the outfall channel would be able 
to carry‘the full flood discharge is doubtful. ‘The Wular, therefore, 
should not be silted up but should be used asa flood absorption 
resetvoir. For this purpose, its capacity-should be kept up as long 
as possible. The-Wular should have some dykes. constructed along 
its margins _to keep out the cultivable areas from being flooded. 
The Pohru should not be diverted into it. Soil conservation and 
other measures should be taken up in the upper reaches of Pohru 
to reduce its silt. If even then it affects the outfali channel too 
badly, it should be ‘diverted not towards Wular, but to the other 
side to join the outfall channel near Baramulla, where the slore in 
the .outfall.channel is sufficiently steep not.to allow the Pohru silt 
to deposit in the bed. In .any. case, there can be more than one 
proposal with regard to this part of the scheme. Therefore, it was 
decided to continue. further investigations about. it, 


Other Minar Propels aatemiies oct ai-e22 7030 


ae “Some ee erent. Payee ‘into ‘the ‘outfall Shannel bring 
down heavy shingle and boulders, and i it has been proposed i in the 
report to stabilize their course, as far as possible, with boulder 
bars and weirs across them. An old bridge exists across the 
outfall. channel at Baramulla, Its design is defective so that it 
offers a great resistance to the flow of 5 water, thus creating a bottle- 
neck. It has been ‘proposed to. remove it and to construct a new 
foot-bridge near it. A small nallah called Ningle nallah falls into 
the: outfall channel, : little -below its off-take from the Wular. It 
brings heavy. silt. and,,reduces the capacity.of the outfall channel. 
It has, been -proposed .to, divert it into the Haigam.jhil. at a small 
expense. The willow.-plantdtion,. on .the: banks of. the outfall 
channel near its afi takes from Wular causes considerable obstruction 
to the river flow. This plantation has been proposed to be:removed. 


All these minor, proposals were tentatively agreed to by me, 


Eeiate of Cost 


A-copy.of the estimate as. ae orca te the- Chief Engineer, 


Irrigation, i is: attached herewith, (Not given in.appendix), It is 
obviously not.in-a proper form, and, does,not..include..all the items 
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ed on the scheme proposed by 


necessary for work, It is bas 
f expenditure seem to have been 


Dr. Uppal. Many big items 0 
omitted. For instance :— 
(i) Constructing supplementary cha 
Dogripura ; 
(ii) Constructing supplementary channel through the depres- 

sions and the Wular as they get silted up ; 


erations in the depressions and the Wular ; 


nnel from Kandizal to 


(iii) Silting op 
(iv) Dredging required in the Outfall Channel ; 


(vy) Soil conservation measures in the upper reaches of Jhelum 
and Pohru. 


Again, taking an item like earthwork, the only provision made 
for earthwork is at Rs. 20/- per thousand cft. I was given to under- 
stand by the Chief Engineer, Irrigation, that the average out-turn 
of a labourer in Kashmir is 50 cubic feet per day, for which he 
charges Re. 1/-. This alone would work out to Rs. 20/- per 1,000 
cft, No provision exists in the estimates for preliminary work in 
connection with earthwork, jungle-clearance, compaction, dressing, 
etc. The cross-sections of the supplementary channel are designed 
so that in certain regions excavation will have to be done as much 
as 6 feet below the ground water-table. Obviously, the rate of 
Rs. 20/- to Rs. 25/- per thousand cft. may not be enough in such 
reaches. The estimate and the rates provided were looked into by 
the other Chief Engineers of the State, and their opinion also was 
that the cost was greatly underestimated. The actual expenditure 
would probably be much more than estimated. 


I gathered that there were no more detailed estimates ready 
with them. The present estimates are not good enough even for 
administrative approval. Before the work starts, more detailed 
estimates in a proper form have to be prepared. 


_Recommendations_ : 


Action is recommended to be taken on the following lines :— 


1. With regard to the items of work on which there is a large 
measure of agreement, it is suggested that -— 


(a) The report should be studied in the Central Water & 


P ae : 
Res Commission, as early as possible and our general 
as well as technical comments with regards to design 
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and estimate be forwarded to the Kashmir Government 
not later than the 10th of October ; 


(b) The Kashmir Government should be expedited for 


detailed estimates and drawings as well as the phased 
programme of work, proposed to be 


done for being 
vetted by the C.W. & B.C. : 


(c) The upper 4to5 miles of the supplementary channel 
should not be taken up in this season. Its alignments, 
the location, angle, and design, etc., of the off-take, 
should be found out by model tests so as to ensure that it 
would draw its due share of water and silt ; 


(d) 


The work of the supplementary channel will take at 
least three years. If in the mean time a heavy flood 
comes down, the situation will have to be faced. It 
should be suggested to the Kashmir Government that the 
existing flood-spill channel-should be cleared of silt and 
made fit to carry its designed discharge. This will afford 
some relief and save some floodings in the valley. 


2. The whole flood problem in Kashmir is rather complicated. 
The views of different experts have not been the same in the past. 
A thorough examination of the possible alternatives to deal with 
the floods is necessary: A large mass of data has been collected by 


Dr. Uppal which needs to be studied in detail before arriving at 
final conclusions. ; 


R. D. DHIR, 
Director (H) 
C.W.& P.C. 


3, NOTE BY SHRI KANWAR SAIN, CHAIRMAN, CENTRAL 
WATER AND POWER COMMISSION 

As desired by the Ministry of Irrigation and Power, I was to go 

to Kashmir to look into their flood problems. But as I had already 
arranged my programme for going to Kosi area, Shri R. D, Dhir, 
Director, Central Water and Power Commission, was sent 
out instead. He was joined by Dr. H. L. Uppal. Director, Rese- 
‘arch Institute, Panjab, on the way. They visited the Kashmir 
Valley from the 14th to 19th September, 1953; and discussed the 
problems with the Prime Minister, Jammu & Kashmir, as well as 
the Chief Engineers of the State. Asa result of this discussion, 
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ated for’ starting the execution 
“These recommendations 
Jemmy & Kashmir, who 
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certain: recommendations were» formul 


of a part of the scheme? immediately. 


were shown. to. the -Prime. Minister, ~ 


generally: approved. of them, .. 


The F lood Problems of Kashmir’ co 


The flood problem of Kashmir is not new. With the  first- 
recorded I heavy flood of 1893, the. Government earnestly - ae 
mitigate the evil. By 1903, a flood-spill channel was completed for 
diverting a part of the flood discharge. from. above . Srinagar, Passing 
it through low ‘depressions. and discharging it. back. into the river, 
some miles below Srinagar. In 1915 Mr. R. E. Purves was invited 
fromthe: Panjabto investigate® the problem: ‘After the severe 
floods: of 1928, <RiB. ‘Lala Tulsi’ Dass,” the then Chief Engineer, 
Jammu & Kashmir, pit up his ‘proposals for dealing with the problem. 
His proposals weté vetted by Nir. G. Harris, Consulting Engi- 
neer- to the’ Goverfment’ of India. After’ 1928, the frequency of 
high floods seems: to® have increased. 15 


Dr, Uppal's Proposals 


Dr, AL L. Uppal looked. ‘into fe tedealogical data and old 
records, and prepared. some: proposals in 1952 for mitigating the 
havoc of. floods, and at the same time reclaiming the. large areas of 
land. He has dealt. with the problem i in two parts, namely :— 


“) Flood Control and Reclamation above the Wular Lake 
and | 


"Gi) ‘Tinptovement of the outfall channel from the Wular Lake. 


Flos. Oontrol and Reclamation ab:ve the Wular Lake 


‘ | The suggestion is mainly to construct a supplementary channel 
taking off froma ‘point: above Srina‘gat,¢ to align i it along” the lowest 
parts of the valley’ through ’ local ’ depressions ’ and to connect it 
directly, to. Wuldr Lake: :The! alignment’ of this channel’ makes 
suseof some: length 6£? the ol@' 'spills chantiel, © Besides’ relieving 
-préssure-in theriver? through © ‘Stindgar, this: channel is is: expected to 
‘take its‘share 6f ‘silt'and, Gn’Course’ of timé® All up’ the depressions, 
“thus reclaiming s some and: for “Galkivation, Since” the’ ‘capacity of 


‘the riveriéver: delow’ Stinagat‘i is not éndugh’’ to ‘fake? ‘the full, load 
‘discharge with’ safety the sipplementary channel has been designed 
“to discharge directly i into’ the * ‘Wular Lake. e above proposals 


appear’ to” be ‘sourld? afd “work could | "be started all’ over, as 
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recommended by ‘the Board: of Enginéers, Jammu -and' Kashmir 
Government, except for the most suitable alignment of the upper 
few miles and the lo¢ation; ang'e and design df :its off-take which 
should be determined through model-tests which may ke carried! out. 
at the | Research Station at Malakpur. The items of ‘work 
récommended to be taken up for immediate ' execution are’ those, 


the necessity of which’has been reédghised! by every enigieteers pares 
soever studied the problem: 


(ii) Improvement of the Outfall Channel from Wular Date 


Mainly this proposal consists of diverting the Pohru stream 
into the Wular with the two-fold object :— 


(a) to keep the outfall channel free from the detritus brought 
down by the Pohru; and 


(b) to make use of its detritus for silting up the Wular to 


reclaim a very large area of Wular for cultivation 
_ Purposes. 


I feel that this Sane of ae Pete needle more detailed exami- 


nation and should not be taken up for execution without sas 
investigations. Soe siti & i te : 


Estimate of Cost 


ihe estimate amounting to Rupees one crore as prepared by the 
State Engineers. is not in sufficient detail, According, to, this 
estimate, the cost of the part recommended to,be executed amounts 
to Rs. 62 lakhs, but the actual. ompeniditune would, probably be 
nedrer Rupees one crore... is 


_ As the ‘completion of the work contemplated i in “the “above re-. 
commendations is estimated to take 3 to 4 years, it will be advisable 
to ‘silt-clear the existing flood: spill channel to make it fit to carry 
its designed discharge, in order to afford some relief, should a heavy 
oad come in the meantime. The expenditure involved will be 
comparatively small. 


Recommendations : OS SEE? 
It-.is; recommended shail bie Tastinas Government should, be 
requested to expedite’ for detailed estimates'and drawing as well as 


the phased programme of work! proposed to be ‘done: for ‘adequate 
control on the expenditure, whan 
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‘he i yblem should 
is that the Kashmir flood prob 

It is also recommended 

be studied in more detail. As a lot of data has already been 

collected, it would probably not ta 

conclusions. | 

It may be considered if the Government of India would like an 

tral Water and Power Commission to be 

h the construction work proposed to be 
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ke too long in arriving at final 


engineer from the Cen 
associated in some way wit 
taken upin Kashmir. 


KANWAR SAIN, 
Chairman, 


1G We PC. 


4. TECHNICAL NOTES DATED 28-11-53 BY SHRI R.D. DHiR, 
DIRECTOR, CENTRAL WATER & POWER COMMISSION 
. ON KASHMIR VALLEY 


Intensity of Flood Discharge 


No regular discharge figures of Jhelum river in Kashmir valley 
are available in the reports supplied, though there isa mention of 
permanent discharge sites. Apparently no regular discharge obser- 
vations are made at these sites. However, daily gauge registers are 
maintained for permanent gauges at a number of sites, both above 
and below Srinagar. Hourly gauge readings are also observed 
during floods at a few places, but no idea of the discharge could be 
formed from them. Before the flood reaches its peak, a number of 
breaches take place at and above Kandizal. The flood waters fill up 
the nambals one after the other and also flood the countryside. 


A part of this flood water finds its way again into the river, both 


above and below Srinagar, while the rest of it flows down the 
valley along various routes till it reaches the Wular Lake. Under 
these circumstances, it is almost impossible to calculate accurately 
the intensity of floods experienced in the past, Some rough calcu- 
lations have, however, been made in the reports and it has been 
found that the 1928 flood was of the order of 80 thousand cusecs at 
Sangam. The Chief Engineer, Irrigation, Jammu and Kashmir, 
was of the view that probably 1950 flood was also of the 
same intensity, ; 
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' There being no discharge data available, it is not possible to 
work out the flood intensity even from the rainfall intensity by the 
method of unit hydrograph, or any other rational method without 
making very fundamental assumptions which would, in effect, make 
the method as rough as if an empirical-formula were directly used. 
Empirical formulas in general use for finding out the design inten- 
sity of flood in any catchment would not be applicable to Kashmir 
Valley because of its peculiar topographical situation, The catch- 
ment area under consideration (about 1,500 sq. miles) lies on the 
leeward side of a high mountain range. The normal empirical for- 
mulas are likely to give a very exaggerated idea of the Possible 
flood peak. So also will the envelop curves, in general use, not be 
applicable, as they are inclusive of the data of catchments much 
more favourably situated in respect of high instensity of floods. 


The only method applicable seems to be to add a reasonable 
percentage to the maximum recorded flood. The percentage to be 
added would naturally depend upon -the length of flood record 
available. Fora record existing over 50 years as in the present 
case, an allowance of 25 per cent over the maximum observed flood 


is considered teasonable. This would give a design flood "discharge 
of 1,00,000 cusecs at Sangam. 


‘Between Sangam and Kandizal the only important stream join- 
ing the Jhelum is the Romeshi nallah. Its flood discharge is said 
to be of the order of 10,000 cusecs. Therefore, at Kandizal the 
design flood should reasonably be taken at 1,i0,000. cusecs. Out of 
this only 40,000 cusecs can safely be passed through the Jehlum. 
A part of the flood has been proposed later in this note, to be 
absorbed in the nambals along the river between Kandizal and 
Sangam. ’ The Supplementary Channel will have to take the 
remaining flood. Its full capacity has, therefore, to be designed 
accordingly. 


River Bunds through the City and above 


In 1928, the capacity of the Jhelum through Srinagar was esti- 
mated to be 32,000 cusecs. In 1950 floods the discharge passing 
through the town area was roughly estimated to be of the order of 
35,000 to 40,000 cusecs. There was practically no free board left 
on the banks, and every ‘body had an extremely anxious time, 
Dr. Uppal's report assures 40,000 cusecs to be Passed through the 
town. For Srinagar to remain safe - with -this-discharge. passing. 
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‘area require. to be 


through it, the-banks.of the river in the,.town 


properly strengthened. 


slled outlets be provided 
jead some of the flood water into the’ 
n this ‘reach. At the same time, ‘the 
igthened 4nd raised to the extent it is 
‘more discharge than at present. No 
hals in this reach are available from 
d but; nor ate the cross-sections 
Kandizal given inthe report from which 
ase in their height’ could’ be made: 
He'to seelif with’ these improve- 
e ue} oon flood en) 


Between Kandizal and Sangam contro 


through the river bunds to, 
nambals along-side the ‘river i 
existing bunds should be stren 


safe to do so, So as to carry 
of ‘these nam 
ld bé' worke 


contoured map; 
which their capacity cou 
of ‘the ‘river’ bunds’ above 
an estimate ‘of 'the possible incre 
A’ study should, therefore’ be ma 
ments it! will be possible to toute 
down to Kandizal. | foaqe 
Off-take At:Kandizal.: vari Lear 
It is felt that at ‘the ‘bie take ‘at Kandizal, not only a head’ 
regulator is necessary ‘but a cross-regulator across the Jhelum 
rivet is also essential. Without these two structures it will not be 
possible ‘to have a ‘Complete control on the regulation ‘of supplies in 
the'tiver and in the supplementary’ ‘Channel. ‘The cill level of 
both the structures should be nearly the same, and they should be 
so designed as to pass bulk of the silt, and discharge into ,the 


supplementary channel. 
Design of the ede atts) Channel: 


The cO- efficient of rugosity found. on the. ‘main Jhelum, river 
varies from 0275 to 0°031, whereas the, co- efficient assumed for 
the design of the supplementary channel appears to be ‘0225. Tei is 
considered that this co-efficient should be the same as.for the main 
river, as the size of the two, ‘channels i is, nearly the same, and in 
course of time, the supplementary channel will naib similar 
conditions. It is to be seen if as a result of higher co-efficient, the 
steeper slopes necessary could; be, accommodated,.b 
levels available. 1 De uscgommodated dbesmeen HS 


Outfall of Supplementary Channel i fai Wular , 

ee ee of’ outfall, .of;:the eulsmeneee ebnae into hak 

7 : ake should be kept at a reasonable distance away fromthe 

ci of : of the Jhelum river from:the’Wular:Lake, as othtenwisalany, 

shoal formation: inthe lake. at:theoutfall.of , 
th 

channel would tend.to,choke theoff-take..of. ahelaii pia as 
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Natural Drainage Crossings | 


The supplementary channel will cross several streams flowing 
down from the Pir Panjal range. The western bank of the supple- 
mentary channel should be kept discontinuous sO as to run upstream 
along these incoming streams till it meets the ‘ground, high enough 
to prevent the waters of the supplementary channel. entering into 
the adjoining lands. There will thus be pockets of standing water. 


2 between the adjoining streams and the supplementary channel, 
‘which would be drained into the supplementary channel only when 


the water level in the latter goes down. For this purpose inlets 
should be provided in the western banks of the supplementary. 
channel at suitable points. They will have to be fitted with gates 
so as to prevent flow of water from the supplementary channel into 
the adjoining land. : . 


R. D. DHIR,- 
Director, 


CW Erc = 


mex 
i 


5. NOTE DATED’.3!-2-1953 By. Mr. M. G. RASUL © 
DEVELOPMENT COMMISSIONER; -JAMMU. AND 
KASHMIR STATE ON Dr. UPPAL’S SCHEME FOR 
FLOOD CONTROL DRAINAGE AND. RECLAMA- 

TION IN THE KASHMIR VALLEY : 


The broad principles on which the scheme is based were 
evolved asa result of the large number of discussions, I, as Chief 
Engineer incharge of the scheme, have had with the author at 
Malakpur and at Srinagar during his visits to Kashmir while data 


on the problem was being collected and sifted and preliminary . 


surveys conducted, and I naturally agree with them generally. 
The report, as was to be expected, deals with the general lines on 
which this important problem of the Valley may be tackled. 
Sufficient details to help in preparation of engineering designs of 
various works have also been given but a complete detailed project 
after necessary field surveys are conducted in some detail has now 


to be prepared by the Irrigation Department. Specific details will 
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d choice made on different possible alternatives. 
r consideration :— 
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be worked out an 


The following points are suggested fo 


discharge ‘at Sangam for which the scheme is 


designed has not been specified. We may try to construct a flood- 
e basis of recorded floods in the past. ._ While 


ve on th 4 
sina wnt curve, the extra discharge that ae the 
left bank of Rambiara and Veshau fiver on its left an oe 
Nayan to Sangam and also the spill from Rambiara he =o ee 
opposite Shopian—discharges ' which are not accounted for by the 

hall have to te included. The 


recorded gauges at Sangam-—s : 
maximum discharge of these spills now proposed to be prevented, 
ed out only roughly in an indirect manner. 


‘1. The exact: 


- can be work 


This frequency curve will help in enabling us to decide on 


the flood intensity and its probable frequency on which the 
scheme may be designed. With an extra 4’ free-board we may not 


design it for more than one-in-fifty-year flood. 
2 We may calculate the maximum discharging capacity of 
the river in its present condition in different reaches. 


(i) From Nayan to Dogripura the whole design discharge 
shall now be contained within the main river channel and the exact 
R. Lis to which bunds shall have to be raised must be 
determined: The draw-down in this reach due to the take-off of 
the supplementary channel at Dogripura shall be taken into 
account. 


(ii) The part of the discharge which can be allowed into the 
main river below Dogripura will apparently be determined by the 
capacity of the river channel within the city of Srinagar, where it 
is very much restricted due to encroachments and where increasing 
its capacity is not possible. This capacity with a sufficient free- 
board must be determined including the draw-down that the 
proposed Gagarzoo-Anchar cut, if made, will effect in the City 
Channel. The capacity in any other reaches above and below 
Srinagar, where it may even be less than this, can easily be increased 
by raising bunds or widening the channel. The R. L.s of embank- 

ments below Dogripura for this discharge may be worked out. 


(iit) The balance discharge to be taken by the new proneeed 
supplementary channel may be determined and the channel 
designed for this specific discharge with a free-board of 4 pe 
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(iv) The aggregate discharge that the main river and the 
spill channel will take, if the 4 feet free-board is allowed to be 
encroached upon by 2 feet, may also be worked out and the 
frequency of such a flood worked out. 


3. (i) For reasons stated in the report’and because most of the 
breaches in a major flood occur near and telow Dogripura, the best 
and, I think, the only suitable site for taking off of the 
supplementary channel is the poirt selected near Dogripura. 
Kandizal is no alternative, as in that case, part of the higher valley 
will still remain open to floods unless the river bunds from 
Dogripura to Kandizal are also raised to ccntain the design 
flood discharge. The cost of this will not be naturally cheaper 
than the excavation of the supplementary channel and the high 
bunds; besides, will become very risky, unwieldy and rather 
difficult to maintain. The comparacive costs may, however, be 
worked out. 


(ii) The crux of the problem is the correct design of the Supple- 
mentary Channel to be able to draw and carry major part of the 
sediment load of the river in all stages of its discharge. This is the 
only way that the main river channel below Dogripura which is 
deteriorating can improve andits marked tendency to form shoals 
and raise its bed stopped. For this the report depends on the siting 
and angles of take-off of the Supplementary Channel and this will 
need to be made sure by a model-test. Even if the results of sucha 
test are satisfactory, the construction of a ragulator across the river 
appears necessary for the following reasons :— 


(a) For giving steeper bed slope to the Supplementary Channel 
to enable it to carry heavier sediment load, its cill leavel has been 
fixed about 11’ higher than the deepest bed of the river at the point 
of take-off and, therefore, in absence of weir and especially in minor 
floods and the rising stages of bigger floods when this silt content is 
the heaviest, the channel will only be taking the comparatively clear 
water near the surface and most of the bed and suspended load will 
continue to go down the main river. 


(b) The Supplementary Channel will remain a dead channel 
except in floods and this is not desirable for various reasons. The 
channel has, besides, to be used for navigation and a sufficient flow 
all the year round is essential, 
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(c) For economy in cost, the Supplementary oe is Pee 
to be built in the form of a cunnette and in the ie stages = : 
lated discharges only shall have to be passed into it for controlle 


ion of damages to it and to 
at of the cunnette and prevention 
ee a bigger flood occurs before the 


rty around it, in case 
ae lated discharges, a 


cunnette is fully developed. ‘For passing regu 


regulator across the river is necessary. 


(d) While area from Nayan to the left of the Supplementary 
Channel can-be and is proposed to be irrigated by damming of 
Wankran nallah, the vast area below Dogripura, in between the left 
embankment of the river and the right bank of the Supplementary 


Channel right down to Srinagar-Baramulla road, which is dry 


at present is left with no means of irrigation. Syphons 


across the Supplementary Channel for feeding this area with the 
water from the proposed extension of Koel. canal or the new 
proposed Romshi canal will be very expensive and besides, this 
additional water may not be available in these canals, The proposed 


Regulator will enable taking off of a high level canal for irrigating 


» this area. 


The regulator can be of the form of a removable weir of the 
type we have across the river at Chattabal with its masonry cill- 
level at about the average bed level of the river. This will cost 
about Rs. 6'00 lakhs. 


4. The proper location of the Supplementary Channel align- 
ment tentatively shown in the Report, will naturally need modifi- 
cations in the light of detailed surveys and physical characteristics 
at site. It will especially be necessary to change the proposed 
alignment in its approaches to Romshi nallah where, it, at present 
cuts across a high ridge, involving cutting of about 30 to 40 feet 
extending over a length of more than a mile. It will be easier and 
probably cheaper, to drop the channel into the main river at elias 
The two channels will, however, need to be kept separate for ehiians 
reason and, therefore, the main river will have to be diverted a little 
to its right where sufficient space is available and a Properly pitched 
divide-embankment built. The divide wall will incidently sragide 
a convenient place for location of a lock-gate for Proposes of the 
necessary inter-communication of boat traffic between the river and 
the Supplementary Channel,’ ; ais ; 
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5. The Supplementary Channel shall have to be designed for 
additional discharges that will come into it from the drainages on 
its left, and the possibilities of synchronization of maximum floods 
in the different drainages with the maximum flood peak in the 
Supplementary Channel have to be investigated. In the case of 
main river channel, similar considerations will need to be given with 
regard to the drainages that come into it from the right. Both the 
Supplementary Channel and the main river channel in different 
reaches shall have to be designed for the peak discharge coming 


into them from Sangam plus the probable discharge of each drainage 
coming in that reach at that point of time. 


6. (i) The relation between the existing bed levels of the 
drainages and the bed level of the Supplementary Channel at the 
proposed point of the confluence of each has to be ascertained, and 
the possible aggression or retrogression of levels in the drainige 
channel with the effect they will have on the surrounding country 
determined. There will be some backwater effect. Its extent has 
to be worked out andthe bunds of the drainages, upstream from 
their points of confluence with the Supplementary Channel raised. 
The intakes of these drainages shall have to be designed carefully to 
cause least afflux in the Supplementary Channel and to prevent 


possibility of formation of bars. 


(ii) With the implementation of the proposals envisaged in the 
report, there appears no necessity of the existing Dudhganga Diver- 
sion and its having a separate mouth into Batmallu nambal. The 
Dudhganga could now be deverted back into the Supplementary 
Channel either along its old course or preferably higher up to 
obviate the necessity of having the road bridge-across it on the 
aerodrome road. Will the syphon across the existing flood-spill 
channel feeding the Silk Factory be still needed and is it proper and 


“feasible to have the old course of Dudhganga beyond the flood-spill 


channel silted up? It is a nuisance in its lower reaches. 


(ii) Necessity or otherwise of closing mouths of the existing 
flood-spill channels, outfall channel at Parimpura, Shadi ura 
nallah and Wasixhan nallah from the river may be analysed. . This 
appears to be hardly necessary now. 


(iv) The Sukhnag nallah enters into the flood-spill Channel 
in on its right lower 

its left above Narabal and goes out again on 
ee forming its own cunnette in its bed. How will the new bed 
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levels of the Supplementary Channel which ae ne oe 
spill channel here effect this position ? Keeping t Meee arte 
on the right of the flood-spill‘channel is necessary. 1 


case with Ferozepur nallah. 


(v) Provision of drainage sluices in the left bank of Supple- 


mentary Channel about a mile below Dogripura, in the left 


ai 
embankment of the river at Lelhar and elsewhere where drainage 


gets intercepted appears necessary. 


7. The exact location of marginal bunds in the swamps where 
the Supplementary Channel in its regular section will be discon- 
tinued can be ascertained at site. Such marginal tunds mostly 
exist and what will actually have to be done is just their raising and 
general improvement in their alignments. These swamps are 
expected in the course of time to get silted up to about 2 feet to 3 
feet below the full supply level of the Supplementary Channel 
which shall have to be extended as the process progresses. When 
the marshes silt up, the lands outside the marginal bunds will still 
be low and will get water-logged. The technique for removal and 
prevention of such water-logging and gradual and simultaneous 
raising of levels of such lands shall have to be developed. They will 
probably require tobe connected with the flood .channel and its 
silt inflow by temporary cuts, after such lands are divided and 
isolated into manageable pockets. 


8. The main river and the Supplementary Channel going 
down to Wular more or less parallel to each other will have differ- 
ent F,S. Levels and the effect of a breach in one of its different 


reaches on the other and the surrounding country may need to be 
examined, ; 


9. Is Gagarzoo-Anchar cut really necessary for lowering 
H.F.L. in the city channel above the Chattabal weir? What will be 
the quantitative lowering for the maximum flcod discharge and up 
to what point upstream? We may plot the draw-down curve. 
The uzefulness of the cut asa reclamation measure for silting up 
and raising the levels of the Anchar Lake is recognized, but the 
lake has very greatly been encroached upon since, and any large- 
scale flooding of the lake will hardly be permissible. There is, 
probably a difference of about 6 feet in the levels of the Dal and 
the Anchar, and any material silting up of Anchar will interfere 

with the working of Amir Khan cut—the cut recently made between 


i el ee 
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the Dal and Anchar Lakes—and nallah Mar and efficient drainage 


of the Dal. These points need to be gone into in detail before 
the proposal is adopted. 


10. The diversion of part of the river discharge in the city 
via Sonti kuhl into the Dal, partly to utilizeits absorption capacity 
and partly to be passed on to Anchar Lake v1a the Amir Khan cut, 
will be feasible only if the Gagarzoo-Anchar cutis not made, as 
the storage capacity of the Anchar shall’have already been utilized 
to the full. The lands round about the Dal are, however, of such 
value that they cannot be allowed to be flooded except possibly at 
a very grave emergency when the very existence cf Srinagar city 
is threatened. If Gagarzoo-Anchar cut is rot made, we may, only 

‘at the time of very great emergency, divert part of the flood dis- 
charge into the Dal. How much this should be: must be worked 
out on the storage capacity available in the Dal upto about one foot 
below the minimum formation level of the Bulevard and the dis- 
charge that will pass the Amir Khan cut at this level. 


This discharge cannot be very much and I do not think the 
construction of a Dal spill weir as proposed is any way necessary. 
The existing spill and opening of the gates of the lock-channel 
should be enough. This, however, needs being worked out. 


11. Cut-offs, especially the Shivpore one, involving relocation 
of the main highway, construction of a major bridge and acquisition 
of valuable land are very costly. The extent to which they will 
improve the discharging capacity of the river and its other physical 
features needs to be quantitatively worked out. Technical feasi- 
bility assumed, we must be able to establish their economic feasi- 
bility. Pampore cut-off appears promising. 


12. A major part of the cost of the construction of the Sup- 
plementary Channel is due to road and canal crossings The extent 
to which their cost can be reduced by fluming to the maximum 
extent permissible must be worked out and I suggest preparation of 
compatative estimates for a typical road and canal crossing with- 
out fuming and with fluming and necessary protection works. 


Foot-bridges can possibly be aliminated at this stage Theit 


absence will not cause much -incgnvenience, as the cunnette in 
which alone there will be perennial water can be- crossed on boats 
which can be provided at nominal cost. Alternatively; submersi- 
ble type bridges may be built over the cunnette width only, 


ee 
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‘The bridge on main river at Padgampura on Awantipura- 


1a dilapidated condition and will, anyhow, need 


‘Pui oad is it : a, 
Ful waa road f ‘miles upstream just 


‘to be rebuilt, Ifthisis rebuilt, a couple o 
above the point of take-off of the Supplementary Channel at 
Dogripura and the road realigned on its left bank, construction of 
a bridge on the Supplementary Channel will be avoided. bese ae 
The bridge on main river at Tampore is similarly on its last 
legs. The traffic on Pampore-Pulwama road is mostly the traffic 
emanating from or bound for Srinagar and there is very little, if : at 
any, for Pampore proper. If this is conceded, the reconstruction 
of Pampore bridge and a new bridge on Supplementary Channel 
on Pampore-Pulwama road could both be avoided by taking a road 
from Rambagh on the left bank of the Supplementary Channel to 
meet the existing. Pampore-Pulwama road opposite Pampore. 


Extension of Rambagh and Narbal bridges may not be 
necessary, if fluming of the Supplementary Channel at these points 


is possible and is resorted to. 


The outfall channel at Parimpura shall probably have to be 
closed and, in that case, the existing bridge at that point will no 
longer be needed. Its material can be used elsewhere, 


13, There will be some heading up of water in the Supple- 
mentary Channel at Haritar and the main river at Banyari, the 
points of their outfalls into Wular, if the floods in them synchronize 
with the flood-level in Wular. The extent of this heading up and 
the resultant R.L.s to which the embankment will have to be raised, 
have to be ‘worked out. 


14. The flood problem of a river is intimately connected 
with the quantity and quality of the sediment load it carries. No 
sediment data regarding river Jhelum is available and, if it were not 
fer the great danger in which the valley is at Present, due to the 
flood menace, it would have been Proper to postpone formulating 
any Proposals regarding flood protection till this data was collected 
The execution of the scheme as formulated, wil) no doubt, tak 
a number of years, which must, therefore, be Utilized in the sa 4 
collection of this ‘data. It is suggested that a suitable org | 

for the necessary silt surveys be set UP at once we 


15. With the operation - of “Su 
a pplementary Ch 
existing. flood-absorption Capacity of the valley above ae vl 


> a 
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progressively get reduced and, after the marshes get silted up’ 
which will no doubt take a very long time, a stage will be reached 
when the valley flood will reach Wular quicker, though there will 


still be a time lag of about 12 hours in the peak floods of Supple- 
mentary Channel.and the main river reaching Wular, 


It is very 
Important to see how Wular will behave then. The outfall channel 
shall, no doubt, h 


ave improved its discharging capacity by then, 
due to— 


(i) diversion of Pohru and absence of its detritus load going into 
it and deteriorating it, 


(ii) dredgring effect of clear water coming out of the lake ani 
flowing through it, and 

(iit) mechanical dredging (that shall be done if found necessary) 
for removal of boulders and shingle that may not be re- 
moved by (ii) above. But the extent to which it shall 
have improved, aad what will be its discharging capacity 
for the different lake levels then, has to be analysed. On 
the data available or what can be collected, it is rather 
difficult but an attempt on quantitative analysis has to be 
made on the basis of some reasonable assumptions. 


With the construction of the reclamation bunds around Wular, 
from Guramlatee to Banyari and to Haritar now in progress, and a 


similar bund frcm Watlab to Sopore, and at Kaluhama under 
contemplation the storage capacity of the Wular could, if necessary, 
be increased without submerging agricultural lands, by raising 
these bunds slightly higher than proposed. They are at present 
being built to 4’ above the highest-recorded level of the Wular. 
The surface area of the Wular being eighty square miles, every 
flood rise will mean enormous additional storage and higher dis- 
charging capacity and dredging velocity in the outfall channel. 


16. As has been done by Purves, we may. for our design flood, 
try to prepare a chart giving quantities of water reaching Wular by 
way of Supplementary Channel, the main river, Papchan, Madmati 
and Pohru rivers, from hour to hour since the flood starts, 
and see how the Wular levels rise, assuming a reesonable Wular 
level initially ; and work out the discharge passing out through the 
outfall channel for these: different levels. On the basis ot past data, 
we can roughly assess the rise, duration and fall of our design flood. 
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d whenthe Wular gets silted 
he hydraulic conditions that 
n. After Papchan and 


482 
17, Another stage will be reache 
e able to ee t a, 
i valley t 
Ld Ae ee will be joined by ‘Pohru 
coming from Watlab side. These will then be hae ee 
whose course from hear about Hajan shall have ee e 
towards its confluence with the supplementary See: oe an 
rivers shall have made their own cunnettes in the bed of the silte 
Wular and, from Haritar down to Sopore and Baramulla, they shall 
flow down in one single river channel. Assuming that the bed-level 
of the Supplementary Channel at Haritar, its confluence with the 


combined course of Papchan, Madmati, Pohru and Jhelum will 
, 1 conditions must be obtained. 


up and we must b 
will be obtained 
Madmati meet, 


remain what is now proposed, severa 


(:) The combined river, from Haritar down to Khadanyar, 
must have the necessary bed-slope to transport the silt 
load brought down by its different tributaries. This can 
become available only by retrogression of levels up from 
Khadanyar. If this does not happen, though one cannot 
see why it should not, after the outfall channel is given all 
the favourable circumstances to do so, the bed shall have 
to be cut down mechanically, to conform to these levels. It 
will otherwise build up this slope, causing the bed levels of 
the supplementary channel and the main river to rise pro- 
portionately and making a mess of the whole thing. 


(ii) The bed level of diverted Pohru at Suil is known and, 
assuming the bed level of the supplementary channel at 
Haritar remaining as what has been proposed, is the fall 
between Suil and Haritar, sufficient for the Pohru to carry 
its sediment load over the extended length of its course 
from Suil to Haritar via Watlab. If it is not, it will have 
to build up its bed upstream to obtain this slope and 
that will make conditions complicated. What wil! happen 
if Pohru is diverted back into its existing short course 
at this stage ? 


(ii) How will Papchan and Madmati behave ? No serious 
difficulty is apprehended. The crux of the whole 
thing appears to be the ability of the, outfalll-channelte 
retrogress up from the rapids at Khadanyar. We may 
Prepare a plan showing the likely alignments of the differ- 
ent channels at this stage, Prepare their theoretical 
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L. sections and examine their sediment carrying capacities 
and other features. Problems, that will no doubt be 
created after, say, 100 years of operation of the flood-protec- 
tion scheme when the marshes and the lakes will be on their 
way to being silted up, need not worry us, and we need not 
work out solutions of what is likely to happen then, at this 
stage. We must, however, visualize the possibilities and be 


reasonably satisfied now that they will be amenable to 
solution. 


18. Nallah Mar which goes thrcugh the heart of the city and 
into which all its drainage goes, has not been dealt with in the 
Report. This used to be very important navigation link but has 
now considerably got filled up with city refuse and other causes. 
It is essential that its efficient drainage is restored. The proposal 


of joining it with Jhelum by a cut near Nawakadal above the Weir 
and giving it occasional flushing may also be examined. 


19. Itis the heavy size of sand and shingle that the Ningle 
and the Fohru rivers brings down, which complicate and render 
difficult the efficient drainage ot the lower valley at present. 
This same phenomenon, as indicated above, is likely to complicate 
matters in the distant future when they, under the present scheme, 
shall have silted up Haigam jhiland the Wular lake respectively. 
It is, therefore, urgent that measures to prevent these two rivers 
from bringing down this shingle, or at least to reduce their 


quantities, are undertaken now, and for this, the land conservation 


and anti-erosion measures, with a sound land management 


policy, tenacing of lands and, above all, comprehensive schemes 
for afforestation of these two valleys, are drawn and put into 
operation immediately and without loss of time as a matter of 
first priority. 

Because of topographical features, especially the great 
hillock protruding out into the river on its right bank above 
Baramulla, and the probability of its forming a bar at its mouth 
as at present, the Pohru cannot be diverted downstream. It 
has, therefore, to be diverted to. Wular, and the alignment on 
which it shall continue to be extended into it on the delta, it will 
form in the lake so as tosilt up the latter methodically and 
without any pockets remaining unsilted up, shall have 
carefully to be laid. The alternative proposal of diversion 
of only Pohru shingle by construction of shingle excluder, 
does not appear feasible. Its outfall channel int» ‘Vular does 
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t will get choked up. With 
bridge across it at 
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‘not have enough fall available and i 
the complete diversion of Pohru, the preposed 


Suil will not be necessary. 


The proposed Pohru diversion will cut across the Sopore- 
Bandipora, Sopore-Shiva and the Sopore-Handwara roads, where 
bridges shall have to be built. The possibility of having just one 

locating Bandipora and Handwara 


bridge on Shiva road and then re 
roads on the left embankment of the diversion with regard to 


comparative costs may be worked out. 


20. The agreed proposals may thus be summed up as below :- 


g of the spill from Rambiara into Lar kuhl at 


(a) Closin 
Jhelum embankment from 


Shopian and raising of the 
Nayan to Dogripura to contain the full design flood 


discharge in the river channel with 4’ free-board. 


(b). Excavation of the Supplementary Channel with proper 
head-werks and a regulator. across the river, from 
Dogripura down to Wular, for a discharge to be detei- 
mined as indicated along an alignment utilizing to the 
full, the existing marshes and low-lying lands and 
flood-spili channel. 

(c) Complete diversion of Ningle and Pohru. 


(d) Removal of Baramulla bridge and treatment of the hill 
torrents below Baramulla. 
(e) Raising and strengthening the Tsunti Ruhl embank- 
ments. 
(f) Selective dredging of the outfall channel after four or 
five years’ diversion of Pohru. 


(g) Immediate implementation of land conservation and 
afforestation plans in Ningle and Pohru Valley 


(h) Drainage and navigation of nallah Mar. 


M. G. RASUL, 


Development Commissioner, 
Community Projects. 
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6. REMARKS DaTED 15-1-1954 ON THE TECHNICAL NOTES 
PREPARED By Mr. R.D. DHIR oF THE CENTRAL 
WATER AND POWER COMMISSION, GOVERNMENT 
OF INDIA, ON THE PROPOSALS FOR FLOOD CONTROL 
IN KaSHMIR VALLEY BY MR. M.G, RASUL DEVELOP- 

MENT COMMISSIONER, KASHMIR GOVERNMENT. 


Intensity of Flood Discharge 


(i) Regular discharge data of the river is available from the 
year 1929, and in these 25 years’ period, the maximum flood discharge 
at Sangam has not exceeded 80,000 cusecs. The flood of 1903 which 
was later reconstructed by Dr. Purves was also approximately of 
the same order, and no flood since has exceeded this discharge. 
The normal 50-year flood intensity cannot, therefore, be very much 
different, but it issafer to add a small allowance. LIagree that the 


design flood discharge for the Project should be assumed as about 
1,00,000 cusecs. 


(ii) The discharge of the tributaries joining the river below 
Sangam should not, I think, be added to this discharge since the 


flood in them does not synchronize with the peak flood in the main 
rivet. 


2. River Bunds through the City and above 


(i) The river channel passing through the city of Srinagar is the 
bottle-neck and will determine the discharge that can be allowed in’ 
the main river channel below Sangam. The bunds in the city have 
considerably been raised and strengthened after the 1950 flood, and, 
I think, discharges considerably bigger than 40,000 cusecs ( assumed 
by Dr. Uppal on the condition of the city channel before the bunds 
were raised) can safely be passed through the main river. 
This will, however, need to be determined from the actual 
cross-sections. 


(i) The nambals available for flood absorption are already 
proposed to be connected:by the new Supplementary Channel and 
no controlled out-lets from the river, as suggested, are necessary 
or desirable. 


(iii) The bunds above Srinagar have already been raised and 
strengthened but any low places still remaining, can be raised to 
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which is decided to be allowed to pass 
a laid in para ( 2-1). 
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contain the discharge s a 
through the main river on the criteri 


3. Off-take at Kandizal : 
The permanent off-take of the Seer eee 
be at Dogripura and not at Kandizal as gers Se aS) 
above Kandizal has also to be protected. o ae Ss 
the main river is necessary and its cill level nee io a. et eh 
as that of the Supplementary Channel as pihaglcen 1 x 4 wi 
be an open weir of the type of Chattabal weir with regulation to 
level fixed ) by needles. Toenable 


d, therefore, cill j : 
Bl aseis Channel to take the desired portion of the silt 


nas been ensured by other means. 


4, Design of The Supplementary Channel 

The Supplementary Channel will surely have a better 
co-efficient of rugosity though the value assumed by Dr. Uppal 
appears to be slightly on the libéral side. The value of ‘025 would 
be a good compromise. Theslightly steeper slope necessary with 
this value of the co-efficient can easily be made available, 


5, Outfall of The Supplementary Channel into The Wular 
' This has already been done in Dr. Uppal’s proposals. 


6. Natural Drainage Crossings 
Suitable inlet works have already been proposed in Dr. Uppal’s 
Report. No pockets of standing water will be formed and no 


gates, as suggested, are required, 


M. G. RASUL 
Development Commissioner, 


7. RECOMMENDATIONS DATED 16-2-54 OF Mr. GHULAM 
HASSAN KHAN, M. Sc. (HARVARD) M.A.S.C.E. CHIEF 
ENGINEER, JAMMU. AND KaSHMIR GOVERNMENT, 
BASED ON REPORT OF Dr. H.L. UpPAL, DIRECTOR, 
IRRIGATION AND POWER RESEARCH INSTITUTE, 

AMRITSAR 


Introduction 


It. Each generation of Kashmir Valley has had to face its 
flogd and drainage Problem and devise its own measures to solve 
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it according to peculiar needs of the time and availability of 
resources. We read about the deepening of Khadanyar gorge by 
Suyya, and we have seen miles upon miles of dykes and bunds, built 


around the lakésand swamps and along the rivers and streams, 
built by our ancestors, for reclaiming lands for agriculture, as 


population increased and need arose for more food. In the recent 
past experts have written reports and made their recommendations 
again to suit the needs and demands of particular times. Some of 
the recommendations were carried out while some others became 
victims of vicissitudes of time and possibly also of political 
changes. We have on record Mr. R. E. Purve’s commendable work 
(1915 A. D.), R. B. Tulsi Dass’ Report, Mr. Harris’ Report and now 
the latest proposals of Dr. H. L. Uppal are under consideration. 


12. When R. B. Tulsi Dass and Mr. D.G. Harris made their 
recommendations in 1930 A.D., they were primarily concerned 
with saving the Srinagar City- andits suburbs and their proposals 
were based primarily on using the low-lying lands, marshes and 
jhils as flood-absor ption basins, and to meet this end they proposed: 


(a) re-opening of Shadipur and Wasikhan nallahs and 
(b) construction of three new cuts. 


[ i ith Batmallu 
ing low lands above Padshahibagh wit 
One c nd cacteeet Betmallu nambal with river Jhelum at 
Mu ‘aun and the third connecting river Jhelum at Gagarzoo with 
Anchar lake. 


These recommendations, though accepted by the Government, 
were not executed in practice as the influential ee ee 
were seriously opposed to (a) reopening of adipur an 
Wasikhan nallahs and (b) cost of construction of ae ais 
tose very high as time went on and suburbs got developed in 
residential areas. 


1.3, Emphasis on greater food production -has Bees 

a ced after the partition of the country in 1917 A. D. 
ae to floods of 1948, 1950 and 1953 and other causes 
Se cae to import large quantities of food stuffs at heavy 
Me ae oe the same to consumers at low subsidized costs. 
eae s necessary to save the city from getting flooded, it is 
wv ms tive to save agricultural lands from getting destroyed or 
Wee ed during the floods as 1t upsets the countrys. 
even 43 


balance, 
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our problem then ‘is ‘this. 


: i i 1 manner, a 
1'4 Viewed in a general m cise dO Pils 


River Jhelum brings down 80,000 to 1,00, 
floods when ‘its capacity ranges between hardly 40,C00 to 50,000 


cusecs. How should we dispose of the remaining volume of . 
which is of the order of 40,000 ‘to 50,000 cusecs? eS oe : 3 
water, at present spreads out on large tracts of low-lying ands 
and marshes, from Srinagar upto Sangam, for which natune 


provided these. 


2. Recommendations of Dr. Uppal 
In brief, Dr. Uppal’s recommend 
L (a) Construction of a Supplementary Channel ' from. 
Dogripura (near Sangam) to Rambagh (near Srinagar), 

(b) Enlarging the capacity. of existing Flood Spill 
Channels from Rambagh (near Srinagar) to Wular 
Lake, and continuing the same through the various 


ations are these :— 


nambals en route. i 
IL (a) Diversion of Pohru into Wular Lake. 
(b) Diversion of Ningle nallah into Haigam jhil. 


III. (a) Cut-offs at Pampore. 
(b) Cut-off at Munshibagh. 
(c) Gagarzoo-Anchar Cut. 
(d) Dal-Spill Weir. 
IV. (a) Stabilization of Hill Torrents between Baramulla and 
_ Khadanyar. 
(6) Reconstruction of small Baramulla bridge. 

V. Selective dredgirg of the outfall channel several 
years after I to IV above are completedand their 
results are watched and need for dredging is 
established sages er eee oe 

With the execution of these measures Dr. Uppal latins. that. 
while eliminating the threats of flooding’ the Wular Lake and me 
also, the low-lying lands, marshes and jhils will, overa coutse of: 
several decades, emerge out high and dry, - eee sy ae ‘ 


3. Views of Board of Engineers, Dr. Dhir. and Central-Water & ©), 
Power Commission Sree o A 
311. Board of Engineers—The Board isti aN 7 
: : -consisting of the four’ : 
Chief Engineers of the State was asked: to. give its sets 
September, 1953 on Dr, Uppal’s report at_a very short notice, . 
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; : ; 
PERE coe Oa a ee onl neee ae 
I ned associated with the 
various schemes connected with Flood Control, they could not 
but express their general opinions only about these specific 
recommendations for want of a detailed study of the Merits and 
demerits of the various alternative proposals. Since the 
Government was also very keen not to lose any time in starting 
the execution of the project, the Board advised that the works 
listed in Group (A) below be taken up tor execution but other 
works be considered after further investigations and examination. 


Group A 


A—I. Enlarging the capacity of the existing Flood Spill Channel 
from Rambagh (Srinagar) to Wular lake and continuing to 
the same through the various nambals en route. 

A—2. Construction of Supplementary Channel from Rambagh 


(Srinagar) towards Kandizal (Pampore) in two parts, the 
lower part to be started first for helping in drainage and 
the upper part to be built later after proper design of 
inlet, etc. 


A-—3. (a) Diversion of Ningle nallah into Haigam jhil. 
(b) Reconstruction of Baramulla bridge. 


(c) Stabilizing Hill torrents falling into out-fall channel 
above Khadanyar; and 


(d) Removal of Ningle Plantation 


Inregard to cost of the scheme (Rs. 62'00 lakhs estimated for 
Group A), the opinion held was that rates for earth works, on 
which rough cost had been calculated, were low and adequate data 


was not yet ready for working out a more or less correct estimate 
of cost. 


3, 2. Opinion of Central Water and Power Commission 


Shri Kanwar Sain, Chairman, Central Water & Power Commis- 
sion, and Shri R. D. Dhir, Director, Central Water & Power Com- 
mission, have sent us their valuable comments. Shri Dhir has 
asked for copies of reports of Purves, Harris and Tulsidas, Contour 
and capacity plans of nambals and Wular Lake and cross-sections 
of outfall channel at Control Points. The Plans are with Dr. Uppal 
wwho says he needs them for model investigations of the important 


EY 
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problems which he has in hand and, therefore, paces peewee 
ed Dr. Dhir so far. Further valuable SU a a = Eee 
expected when these documents are studied i AS ae 
fuller details of estimates of cost.. Iam afraid that un ot 
are decided upon, it may not be desira d 
to prepare detailed estimates for works which ae ie os ee 
done finally. However, items left out in the a 

now been included in the approximate estimates of costs. 


For facility of reference the notes of Shri Kanwar Sain and 
Shri Dhir are given on pages 467 and 470 respectively. 


recommendations 


Iam in general agreement with these views except that I do 
not think the channel should take off at Kandizal nor, be dropped 
into Wular lake for reasons which I shall state later. 


The size of the supplementary channel will depend upon the 
gradient we allow and its alignment. 


4, My Views on the Recommendations of Dr. H. L. Uppal 

4.1. AlthoughI have remained associated with the Harris 
scheme for more than two years and I have been over to most 
sites of the proposed works and seen the conditions of the lands 
during the floods of 1931, 1943, 1950 and 1953. I think it may not 
be correct to place too much reliance on survey data collected 
under differnent conditions and in different years. A good bit 
of survey shall, therefore, have to be done afresh. Most of the 
survey sheets and data are at Malakpur Research Laboratory and 
it has, therefore, not -bezn possible to make out calculations of 
Flood absorption capacities of the various depressions, jhils and 
the Wular Lake. My views, at this stage, have, therefore, to be 
based, more or Jess, on my general observations of site conditions 
and general knowledge of actual flood conditions. 


4,2, Secondary Recommendations 


Ihave full agreement with the Secondary recommendations 
made by Dr, Uppal, viz., 


(a) Stabilization of small streams falling into River Jhelum 
above Khadanyar; 

(b) Reconstruction of small Baramulla bridge: 

(c) Diversion of Ningle nallah into Haigam jhil: and 

(4) Removal of Ningle willow plantations 


at the mouth of 
Outfall Channel. 
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4.3. Primary recommendations 
E ae ne ye Channel—Rambagh to Wular 
5 part of the channel is concerned, I am in 
general agreement with Dr. Uppal’s recommendations, supported 
also by Central Water and Power Commission that this chain of 
existing flood spill channels should not only be reconditioned but 
enlarged in capacity and continued through the various nambals, 
some of which are now a cause of obstruction to flow of water 
because of silting. All other obstructions to flow such as willow 
plantations in the bed of the channels raised during the recent 
five years by the Rural Uplift Department, I will suggest, should 
also be removed as these have reduced the capacity of the channels 
very seriously. Similarly, the iron tube syphon of Sumbal canal 
obstructing half the waterway of Flood Spill Channel, above Narbal 
baidge, needs, for similar reasons, to be extended. 


In executing this work, the main bottleneck is at Rambagh. 
The widening of the channel at Rambagh bridge and a few chains 
obove and below it is rendered very difficult because of Samadhies 
near the left bank and a smali temple and Filatures of Silk Factory 
on and near the right bank. A small syphon crossing underneath 
the bed of the channel near Ra mbagh bridge will present further 
difficulties in deepening the channel in this region. After several 
trials it has been decided to widen and deepen the channel to the 
extent possible and then design this narrow neck as a Flume with 
sides protected with masonry walls and lining, etc. as shown 
in the sketches given on page 492. 


It will be noticed that a section of the Aerodrome Road, from 
Rambagh bridge onwards along the Samadhies, shall come within 
the widened channel and shall, therefore, have to be realigned first 
along a few chains of Charari-Sharief Road and then across the 
Dudhganga nallah at a suitable place. The site of the syphon shall 
either be shifted or an open channel provided across the channel 
with a head regulator provided on the right bank. The typical 
sections of this channel will be as shown in the sketches below. 


This channel will help greatly in draining the swamps and 
recently reclaimed lands. This part of the scheme has been taken 
in hand, starting with the construction of a pilot channel 50 feet 
wide. 
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Plan of Proposed Supplementary Channel at Ramtagh Bridg 
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Cross-Sections of Proposed Supplementary Channel at Rambagh Bridge. 


4.3. 1 (b) Rambhagh (Srinagar) to Dogripora (Sangam)— 
(i) Dr. Uppal had suggested two alternatives for the supple- 
mentry channel above Rambagh ; one, Rambagh to Kandizal (Pam- 
pore} and, the other, Rambagh to Dogripora. The Board of Engineers 
recommended the first one as it was nearer to Rambagh and would 
thus be less costly than the second and longer channel, After 
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Longitudi i 
gitudinal Section of Proposed Supplementary Channel 
Khadermooh to Rambagh. : 
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Longitudinal Section of Proposed Supplementry Channel 
Dogripora to Rambagh. 
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ernative schemes, I prefer the 


examining alignments of both the alt 
e following 


longer channel, viz. Rambagh to Dogripora for th 


reasons :7—— 
REATER STA- 


ER OF BREACHES AND G 
alignment the 


—In case of Dogripura 
5 the height of embankment 


j. LeEssER DANG 
BILITY OF LOWER BANKS 


line will pass over higher lands and thu 
will be about 17 feet only whereas in case of Kandizal line, the 


height will be about 22 feet. Besides being more liable to breaches, 
it will be difficult to obtain larger quantities of earth for such 
high banks, the surrounding areas being low, the risk of water- 
logging of the areas cannot also be ruled out even though we 
may adopt measures for drainage during periods of low water 


levels. 
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Long Section of the Proposed Supplementary Channel. 


2. RECLAMATION OF LARGER AREAS—Since the proposal 
is, more or less, to canalizethe flow of excess discharge of over 
40,000 to 60,0C0 cusecs of water, the lands now submerged will 
get protected. It would be advantageous to extend this protection 
to all such lands bounded by River Jhelum and the karewas right 
upt) Dogripura and not upto Kandizal only. 


3. IMPRACTICABILITY OF STRENGTHENING LEFT BANK 
OF JHELUM FROM DOGRIPURA TO KANDIZAL—The banks of 


River Jhelum from Dogripura to Kandizal shall have to be raised, 
strengthened or even set back, to increase the capacity of 
River Jhelum in this reach from 40,000 cusecs to 1,00,000 cusecs. 
This will be impracticable and if any advice can be found to 
make it practicable then we could extend the same remedy to 
the banks upto Padshahibagh—the present head of the Flood Spill 
Channel. In case of Dogripura line, the portion of banks above 
Dogripura only, shall have tobe strengthened, 


495 FLOOD CONTROL IN KASHMIR VALLEY 
(ii) Objection to this proposal 
greement with the work of supplement- 


head to Wular Lake, I cannot 


While I am in general a 
the channel above 


ary channel from Padshahibagh 
agree to the construction of the oth 
Rambagh, for the time being, for th 


(1) Flooding of Reclaimed lands around Wular Lake—At 


present about 40,000 to 50,000 cusecs of water only. flows into 
Wular Lake from Jhelum River, the remaining 60,000 cusecs 


er part, vz. 
e following reasons :- 


Typical Cross Section Desilting Rambagh to Nowgam. 
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Map showing Wular Lake and Land Reclamation Bund. 


spreading itself out, in the cultivated lands situated between Pad- 
shahibagh, Rambagh and Sangam. When the supplementary channel 
is constructed from Sangam upto Wular, nearly 80,000 cusecs of 
water will flow into the Wular Lake. The capacity of the outfall 
channel from Sopore to Khandanyar being limited, say, from 25,000 
to 35,000 cusecs, the remaining volume of water will pile upin 
Wular Lake. To what extent this rise will take place needs 


elaborate calculations of Flood absorption capacities of all the 
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nambals en route, of Wular Lake and its surrounding lands, This 
cannot be done by me at this stage as, in the first place, the survey 
data is at Amritsar and secondly some of the surveys done are over 
23 years old and cannot represent the present situation at site. I 


know of Batmalu nambal personally, The levels here have risen 
In any event, it can be 


by about 5 feet during the past 20 years. 

roughly calculated that the rise in water level of Wular Lake may 
beof the order of 15—3 feet. The level of water in Wular Lake 
rose very high (R. L. 5184.7), in the Spring of 1948 A. D. (observa- 
tion was taken by me personally at Potshai where the road under 
construction got submerged and at Bandipora Idgah where water 
reached near the road). Should that level further rise by 5 to 7 
feet, a great deal of havoc would be caused to lands and properties 
and all the work of levies and Jand reclamation bund done in the 
remote and recent past would be reduced to nothing. This measure 
cannot, therefore, be recommended by me for being executed until 
the capacity of the outfall channel from sopore to Khadanyar is 
first raised to take the load of this additional discharge of 40,000 


to 60,000 cusecs. For my recommendations in this connection see 


chapter Fiye. 


(2) Removal of Benefit of Silting—Flooding of lands does not 
take place without some benefits. Mr. Harris was emphatic on this 
point. My personal observation has revealed that Silting has r 
claimed large tracts of lands though the results can be pronounc 5 
only after several decades. With the construction of Suppl : 
tary Channel from Sangam to Rambagh, all the lands ae 
nagar, with the exception of one or two small swamps in tl s 5 
reach, viz. Watalpur-Malangpur nambal, at the foot a Koi 
karewa, will remain on their present levels, wl et - 
the channel may keep on rising. Over a age: eee oe 
these lands may turn into water-logged aoe ee ae 

any breach, which, in case of ener ey ae ee eee 

ea mbankments, cannot be 
The benefit of i i 

Mirgund jhil. the silt will pass on to Hokarsar jhil and 


It is, of . 
a , of ee possible to provide controlled inlets for silti 
e os y compartments ; but this js likely to jr ailing 
an expensive Process which the peasants will not favo a low and 
-favour. 


e 
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4. 3.2. Pohru Diversion— 

below Sopore is not Seat cae = es rey eae 

a propose building 
a Supplementary Channel from Dogripora to Wular, so long I 
would consider diversion of Pohru into Wular Lake dangerous. It 
will, no doubt, cause silting up of the lake which, however, ae 
prove to be a calamity in disguise. It will cause a further rise in 
the levels of Wular Lake and that, too, in spring time, when lands 
for cultivation should be clear of water. While we may be 
reclaiming some lands, we may cause drowning of larger cultivated 
lands. I would, therefore, suggest that Pohru be either diverted to 
join above Khojabagh (Baramulla), if that is found practicable, 
or else the scheme be held in abeyance until the outfall channel 
has been made fit to carry a discharge of 80,000 cusecs. I do not 
think, that, after its diversion, the clear water will pick up silt 
itself. This silt must have got compressed into hard soil and if 
clear water could pick it up than that phenomenon should have 
occurred by now when for over 10 months of the year clear water 


only flows down the river, Pohru being in floods primarily during 
spring months only. 


4, 3, 3. Cut-offs—The cut-off at Pampore is very tampting on 
account of its short length and small cost and might be taken up 
as an experimental measure. 


The Cut-off at Shivpore will, however, be expensive and, as it 
passes through rich built-up areas, it may create many difficult 
problems. The advantages are rather not very clear. Whena 
greater velocity is induced in this region, the silt may travel 
downward and get deposited within the city limits, creating for us 
further complex problems. 


4, 3, 4. Gagarzoo-Anchar Cut—This is feasible for causing a 
draw-down of levels in the city but it has a serious disadvantage 
of causing flooding of cultivated lands around the lake which the 
peasants will resent. A small controlled Channell with proper 
locks may be helpful both for draining the swamps during low 
water and for silting up or the land under controlled condi- 
tions. This drainage: Channel could also be connected with the 
nallah Mar. 


4, 3,5. Dal Spill Weir —I cannot agree with this recommen- 
dation at all, as it will spill ruin to rich agricultural lands and 
properties in and around Dal Lake. It must be dropped out 
completely. 
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4. 3, 6. Selectwwe Dredging of Outfall Seer ore 
h sek feted himself against the dredging and is depen au yee 
‘ie th Ae that once the Pohru is diverted Be ee ake ee 
= ill ta lof the silt and after a 
ter will take care of remova 
ae taints of the behaviour of the outfall channel some 


selective dredging may have to be done. 
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Lam afraid I cannot agree with this view. In my opinion the 
main remedy lies in deepening and widening of Khadanyar gorge 
and in improving the capacity of the outfall channel from the lake 
to Khadanyar gorge and we should make proposals for this now 


and not leave it to chance which may prove disastrous to the 


Country. 


5. My Recommendations 
5, (a) Proposals 


(i) In my opinion the final solution of the problem lies in 
carrying the surplus discharge of 40,000 to 60,000 cusecs of water 
forward into Khadanyar without dropping it into Wular Lake. 
This would require extension of the proposed supplementary chan- 
nel from Haritar (present inlet into Wular ) onwards to Khojabagh 
(Baramulla), deepening and widening of Khadanyar gorge in parti- 
cular;and general widening and dredging of the River between 
Baramulla and Khadanyar, Some of the widening can be done by 
manual labour but deepening shall have to be done by mechanical 
means. The blasting of the rock bottom at Khadanyar gorge, under 
water will be the chief important work Tequiring special equipment. 
This would safeguard the cultivated lands around the Wular Lake 
from getting drowned: in fact, it may be possible even to improve 
upon the present conditions. We could provide controlled inlet at 
or nearabouts Haritar and permit Silt laden waters to flow into 
Wular when the lake levels are low. We could, similarly, provide 
lock gates at the mouths of Shadipora and Wasilhan nallahs and 
allow excess flow of Jhelum River to Pass into the supplementary 
channel instead of going into Wular Lake. When such an arrange- 
ment is completed, the diversion of Pohru nallah into Wular Lake 


would not be dangerous, and could then be executed with 
advantage. 


ae The inlet at Dogripora shall, similarly, have to be controlled 
by building a barrage across river Jhelum and ahead regulator on 
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the mouth of the supplementary channel. Otherwise, with un- 
controlled waters running in Jhelum and in the supp'ementary 
channel, the regimes of both may deteriorate seriously. River 
Jhelum is likely to deteriorate in all events with the construction 
of the supplementary channel but so far as the latter is concerned 
we shall have to keep it under a proper control. I visualize, this 
can be done by opening it when, say, 40 000 cusecs, i.e, the designed 
discharge, is passed into it and closing it as soon as this discharge 
falls first below that limit. Thus, this channel will function under 
conditions of a constant discharge, the only variable factor being 
the silt-content. The Jhelum will, of course, remain subject to all 
the consequences of changes in discharges. How the river will 
behave under these conditions, is, 1 suppose, hard to predict but 
model experiments may help us in forming some ideas. In any 
event the controlled gates are essential. The flow in the channel 
could also be varied under predetermined conditions to wash off 
any accumulations of silt, etc. 


Gii) For the next two or three decades after completing this 
project, more Or less clear waters only will enter the river at 
Baramulla, the silt getting deposited first in the little swamp near 
Koil karewa then in Hokarsar, _Mujgund jhils, etc. The areas 
between Rambagh and Sangam, with the exception of nambals neat 
Koil karewa, will lose the benefit of silting for ever. Afcer these 
swamps and jhils are silted up, the silt will pass into the Jhelum at 
Baramulla The process of silting up of the Wular bed by the 
existing Jhelum helped by Pohru will, However, keep on going for 
centuries, yet to come. By controlling the outfall of Jhelum we 
could utilize this silt load for reclaiming lands under controlled 


conditions. 


(iv) To remove the past encroachments and to prevent further 
encroachments on the water-ways of Rivers and Channels, more 
effective measures are required to be taken by giving greater powers 
to the Engineers under law and assistance of Police in ae 
orders carried out. A substantial sum of money will a ed to 
compensate the people in removing structures from within a con- 
trolled line which shall have to be laid out on site. 


(v) Proposals im Nutshell—In brief, the proposals will then be 


as follows :— 
= 1, Supplementary Channel be constructed from Dogripora 
; len 
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(Sangam) to Khojabagh (Baramulla) with controlled gates at 
Dogripora, Shadipura, Wasikhan and Haritar, Khadanyar gorge be 
widened and deepened: and the River Jhelum between Khojabagh 
(Baramulla) and Khadanyar be widened and deepened, bath manu- 
ally and by means of mechanical dredges, for increasing :its dis- 


charging capacity to 80,000 cusecs, 


2, The waterway of River Jhelum from Sangam to Khadanyar 
be improved by removing encroachments and obstructions on inner. 
slopes of banks, by replacing bridges at Baramulla and Sopore by 
afflux-free ones, by clearance of Ningle Plantation at the mouth 
of River, by Stabilising streams above Khadanyar, by diverting 
Ningle nallah into Haigam jhil and by raising or retiring bunds of 
Jhelum River, wherever needed. 


~~ @& 


3. The Dal Spill Weir is not to be built. 
4, The construction of Cut-off at Munshibagh should ‘rot, for 
the time being, be considered. : 


5. The cut-off at Pampore may be built as an experimental 
measure, : 


6. Gagarzoo-Anchar Cut, with gate control at the mouth of 
River Jhelum, may be built for drainage and for silting purposes’ 
and not for flooding of the Anchar lake area. 


7. Diversion of Pohru to be taken up after the capacity of 
the outfall channel upto Khadanyar has been increased, 


8. Seer Cut-off may be considered. 
5. (b) Phasing of Work : 2 

The phasing of the work should be somewhat as follows —— 

Ist PToritycal: The Supplementary Channel, from Padshahi- 
bagh (Head of Flood Spill Channel) to Haritar (Wular), be com- 
pleted by desilting and improving the Capacity of the existing 


series of flood spill channels, to fit in with the final design and, by 
_ continuing the same through the Seties of nambals viz, Batmalu 


: 2. Obstructions to flow through Jhelum River be nae b 
reconstructing Baramulla small bridge, Sopore large bridge by 
» DY 
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Appendix—Index Plan showing River Jhelum and Supplementary Channel. 


Scale 1”=4 miles, 
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into Haigam phil, 
e by manual] labour) 


above Khadanyar, by diverting Ningle nallah 
and by little widening and dee pening (possib] 
at Khadanyar gorge. 


2nd Priority—1. The Supplementary Chan 
Haritar to Baramulla if it is more feasible an 
selective dredging and widening of the existing o 
Sopore to Baramulla. 


nel be built from 
d economical than 
utfall channel from 


2. The river be dredged and widened between 


Baramull d 
Khadanyar. eae 


3rd Priority—1. The Supplementary Channel be built fois 
Dogripora to Rambagh with regulators at Dogripora. 


2. Regulators be provided at Shadipore, Achar and Haritar, 
3. Pohru Diversion be built. 
4, Gagarzoo-Anchar Cut may be built. 


4th Priority—1. Cut-offs at Munshibagh may be built, if found 
necessary. : es 


5. (c) Cost 


In absence of full surveys it is not possible to estimate the 
cost with any degree of accuracy. At this stage only a rough 
guess can be made as the rates will depend on the market condit- 
ions prevalent at the time of actual execution of work and the 
quantities of earthwork will like-wise depend upon the size of the ° 
channel and the alignment chosen. It is not possible to estimate 
the cost of dredging without making full enquiries about the initial 
and working costs of the machines. 


A very rough estimate of cost has been prepared, based on the 
data now available. It is given in Chapter Twenty-three. It will be 
noticed that the cost of the entire Project runs into crores of 
rupees and, therefore, a good deal of time will be required to 
Prepare details of all the works, after final decisions have been 
taken on the main outlines of the proposals. 


This rough estimate of cost should prove of help to the author- 
ities In giving approvals to the whole or parts of the Scheme so 
that detailed estimates of costs of approved items only may be 
prepared in the first instance, 
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The total cost, as worked out by Assistant Engineer, is 
Rs. 3°73 crores, based on the present-day cost. Measures to affect 
economy in expenditure, either by employing some machinery or by 
getting manual work done on Co-operative basis, can be studied 


in due course. 


5, (d) Organization 
At present, we have two sub-divisions working on the scheme, 


under the guidance of an Assistant Engineer, who is incharge of . 


the Hydraulic Division, sanctioned recently. For the time being 
this Division would be enough but, when the work is decided to be 
taken in hand in right earnest, after deciding on the proposals, may 
need two executive divisions to carry out the work. 


Consultation with Central Water and Power Commission will 
be needed in working out details regarding Dredging, Barrages, and 
large regulators. We may even stand in need of an expert to look 
after the Dredging part of the Scheme. For other items of the 
work, I do not think, any assistance will be needed. 


5. (e) Land Acquisition 

Large tracts of land will have to be acquired for building the 
channels. Arrangements for distributing reclaimed lands will also 
have to be made in advance. For exrediting this work, it is 
necessary to depute a wholetime Revenue Offcer, assisted by a 
team of Patwaris and other staff, on this Project. 


The land, it is advised, must be acquired rightaway and the 
owners paid up now. Later on, if any part of the scheme is deferr- 
ed, the lands will be sublet to the cultivators again. When any 
Channel is dugout the land at the bed will be allowed to be used 
as Pasture-land under the supervision of the same officer, 


5. (f) Economic Feasibility 


The economic feasibility of the project can be worked out in 
terms of money when we know exactly how much of cultivated 
land we can sefeguard against flooding and how much of submerged 
land we can reclaim. This can be done when the land survey is 
completed after a decision has been taken on the scheme either in 
whole or in part. 


To my mind, money spent on this project will be sound even 
from orthodox economic considerations, Its advantages are quite 
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obvious, considering the colossal sums spent on subsidizing fanotica 
‘food, and the agony caused to people by floods, 


6. Recommendations Summarised 


6. (1) Proposals 


1. Supplementary Channel be built from Dogripura (Sangam) 
‘to Baramulla. River Jhelum between Baramulla and Khadanyar be 
widened and dredged. Khadanyar gorge be widened and deepened. 


2 A barrage be built at Dogripura and head regulators be 
provided at Dogripura, Shadipura, Wasikhan and Ha 


ritar to control 
flow of water through the new channel. 


3. Obstructions to flow of water in River Jhelum and other 
channels caused by various structures Plantations and encroachments 


be removed giving adequate powers and police assistance 


to the 
Engineers. ~ 


6. (2) Phasing 


First Priority—(a) The Supplementary Channel from Padshahi- 
‘’bagh to Wular be completed.. 


(b) Baramulla small bridge, Sopore large bridge be reconstruc. 
ted, rs : 


(c) Ningle Plantation be removed from the mouth of Jhelum. 
(d) Streams above Khadanyar be stabilized. 
(e) Ning'e Nallah be diverted into Haigam jhil. 


(f) Encroachments on inner slopes of Rivers and Channels be 
removed. 


(g) Widening and little deepening of River Jhelum at 
’ Khadanyar, possibly by manual labour, be done. 


Second Priority—(a) Construct Supplementry Channel from 
Haritar (Wular.to Baramulla). 

(b) River between Baramulla and Khadanyar be dredged. 

(c) Selective dredging be done between Sopore and Bara mulla. 


(d) Pampore cut-off may be built as an experimental*measure. 
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Third Priority—(a) The Supplementary _ Channel be. built 
from Dogripura to Rambagh with Regulators at Dogripura. 


(b) Regulators be provided at Shadipora, Asham and Haritar. 


(c) Construct Pohru Diversion. °°" ° * 
(d) Gagarzoo-Anchar Cut may be built as a Drainage and Silting 
Channel. s 


Fourth Priority—(a) Cut-offs at Munshibagh may ke built if 
found necessary. 
(b) The Inlet into Dal Lake should not be built. 


"6. (3) Cost— 

A correct estimate of cost can be given afte: detailed surveys 
ate done. At this stage the cost can only be guessed. The 
‘approximate cost is now guessed to be Rs, 3°73 crores. 


6. (4) Organization 


Two executive Divisions will be needed. Help of Central 
Water and Power Commission, will be needed only in the building 
of Barrages, large regulators and dredging. For dredging whole- 
time assistance of an expert may be required. 3 


6, (5) Land Acquisition 


It is recommended to acquire lands rightaway and then to sub- 
let them as long as these are not needed. A whole-time Revenue 
Officer is required for this job and for proper distribution of rec- 
laimed land amongst the deserving peasants, j 


6. (6) Economic Feasibility 


No calculations are possible until land surveys are conducted. 
The scheme, apparently, is likely to be sound even on orthodox 
economic considerations, I recommend the scheme for - being 
approved by the Government administratively so that the working 
out of the detailed Project may be taken in hand, 


6 (7) Time for Execution 


e The construction of a Pilot Channel from Rambaghto Wular 
1s in hand in p3rtions whére working'was possible, against a sum of 
Rs. 1000, lakhs, allotted by, the Government,. as a: nonlapsable 
grant. The work of first priority can be completed in about 


Dit ey FEASTS, 
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3 years’ time excepting dredging for which, time canbe calewtated 


after proper investigations. 


6. (8) Soil Conservation Measures 


In the upper reaches of Jhelum and Pohru these measures 
are required to be taken up by the Forest Department. The 


j measures pull extend over a sevice of 10 to 20 years. 


G. H. KHAN 
Chief Engineer, Irrigation, 
Jammu and Kashmir State 


8. COMMENTS, DATED *15-4-54 ON: THE NOTE OF Mr. G. H. 
KHAN, CHIEF EiNGINEER, IRRIGATION ON UPPAL'S 
REPORT FOR FLOOD AND: DRAINAGE ‘PROBLEM OF 
KASHMIR BY Mr. M.G. RASUL, DEVELOPMENT 

' .COMMISSIONER. KASHMIR STATE 


(1) In this connection reference is invited to my detailed 
note of 3rd:D:cember, 1953 on the original report and my. later 
comments of 15th January, 1954 on Mr. Dhir’ Director, Central 
Water & Power Commission’s technical: notes on the same report. 
Remarks given below pertain to Mr. Khan's note under reference. 


(2) 4. 3. (1). (@) 


In case the ' supplementary cle from Dogripura to. 


| Rambagh is,-not to- be. built for the time being the Flood Spill 


Channel from. Padshahibagh downwards shall only need ‘to be. 
desilted to take its original design discharge of 17,500 cusecs. If 
it is remodelled for a discharge recommended by Dr. Uppal as is 


actually being done at site, the main objections regarding flooding 
-of Wular etc., as raised by the author’ will still hold good. 


The iron tube syphon for Sumbal canal as Baile across thes 
Flood Spill Channel neat Narbal does not obstruct half the _water~ 
way as stated. For the designed discharge of 17,500 cusecs it 
would cause an afflux of only 9inches. 


Rambagh bridge is the bottleneck: though by no ‘means very — 
difficult to remove—for discharges of the order of 50,000 to 60,000 
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. cusecs and if Mr. Khan’s views are. accepted and. the Flood Spill 
‘Channel not continued up beyond Rambagh,. this. discharge does 
not have to be passed and yet the flumed section shown in the 
sketch is for the discharge Dr. Uppal wants to bring from 


_ Dogripura. 


Filatures of Silk Factory can be dismantled and rebuilt at 
very nominal cost. Dismantling, rebuilding and extending ‘the 
12 inches diameter syphon at Rambagh is not similarly a very 


costly job. 


. (3) 43, (1) (b). Gi) 
I have already stated in my original note that the supplemen- 
tary channel must be taken off from Dogripura and not Kandizal. 


The reasons are obvious. 


The embankments of’the two alternative lines will, at least in 
their last six miles up to Rambagh, be of the same height, since 
the bed level at Rambagh is the same in both cases and their align- 
ments coincide. ‘It is not, therefore, understood how the height is 
stated to be 22 feet in one case and 17 feet in another. The danger 
of water logging, if any, is similarly the same in both cases. 


(4) 43, (1) (b) Gi) 


In case the head reach of the supplementary channel from 
Dogripura to Rambagh is not built for the time being as recommend- 
ed then as already stated, the existing flood spill channel need 
not be excavated for 60,000 cusecs but only desilted and restored to 
its original section, The cultivated land above Rambagh, which is 
stated to absorb the excess discharge of about 30,000 cusecs will 
continue to get submerged causing wholesale damage to crops as 
at present. The utility of executing the scheme inthe modified 

“form as proposed then loses all its-charm. 
The level of Wular'will‘not rise by 5’ to 7’ as pee if the 
channel is built from Sangam. In the first place the marshes 
above Rambagh wiil not only continue to absorb part of the flood 
asthey doat present but with the construction of bunds along 
i their periphery as recommended by Dr. Uppal, their capacity will 
“actually be increased and this will continue to remain so far a 
humber ,of decades yet, till they are silted up. The inflow into 
_Wular will not, therefore, materially increase. 


Hote OM 16 
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Fyenif this absorption capacity is assumed to get lost, the 
extra-peak-inflow into Wular will be of the order of 30,000 cusecs 
i. e., 80,000—50,000 (the peak flood minus the discharging 
capacity of river channel and the existing Flood Spill Channel). 
This extra inflow will start coming in only after the discharge at 
Sangam goes beyond 50,000 and will again be zero when the dis- 
charge at Sangam comes down to 50,0CO cusecs. The period for 
which the discharge at Sangam remains above 50,000 cusecs. is 
hardly 48 hours and the total extra flood going into Wular will 
be about 40,000 acre feet. The superficial area of Wular at R. L. 
5180 is about 65 square miles or 43,000 acre feet. The rise will, 
therefore, be only of the order of about one foot. : 


The highest level of Wular so far recorded is 518277 (in 1948). 

The chances of a high flood in Jhelum synchronizing with such a 

high lake level are extremely rare and even in such a case the level 

_ will not mse beyond 5184 as against 5184°33 which is the top level 

of the reclamation bunds at Banyari which could be raised by a 

couple of feet further if necessary, at a very nominal cost. This 

is disregarding the extra outflow in the outfall channel which such 

a high level will naturally induce, apart from the improvement in 

its discharging capacity which shall no doubt have taken place in 
the meanwhile. 


Yet, one more extenuating circumstance is provided by the 
fact that flood through supplementary channel will reach Wular 


about 12 hours earlier, fill it up quicker, enabling it to empty itself 
quicker. 


At present the storage capacity of the valley above Rambagh 
gets partly filled up by spills from Lar kuhl.and Romshi nallah 
etc., long before the peak-flood has passed Sangam for lack of 
_proper drainage. This drainage will be provided by the proposed 
supplementary channel and to this extent the flood absorption 
capacity of the valley above Padshahibagh will be increased. 


It has been stated that in case the supplementary channel. is 
extended up to Dogripura, the cultivated land between Dogripura 
and Rambagh will for ever be deprived of the benefits of silt. 
Does it, therefore, mean that the channel should not be built and 
the area left open to tloods ? 


Silting by means of controlled inlets after the area is divided 
- jnto manageable compartments will be'a much quiker process for 
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reclamation of this area than silting by natural floods. In floods, 
the comparatively silt free surface water only spills. - 


| (5) 4.3.3 (i) The outfall channel has got deteriorated because of 


the heavy detritus that Pohru brings down and which the river 
cannot carry and hence gets accumulated. It cannot, therefore, 


be improved unless. 


(a) This detritus is prevented: from coming into the outfall 


channel.; and 
(b) the silt already accumulated is dredged out. 


(zi) (b) above can only be done after (a) is accomplished 
as otherwise the material dredged out will again 
be replenished by more silt brought down by 
Pohru as happened during and immediately after 
the dredging operations in 1915, 


(iii) (b) above can.be accomplished. 


(1) partly by undertaking a vigorous afforestation and soil . 
conservation programme in the catchment area of the 
stream. This is, however, a very slow process and even 
at best a reduction of about 20% in the silt load. can only 
be expected, 


(2) mainly by diversion of the whole stream or only of its ° 
silt into the Wular. The diversion cannot’ be made 
downstream towards Khejabagh as the same- will take 
place there, as is now occuring at Doabgah-rise of river 
bed and formation of a silt bar. The diversion of the 
silt load only will not also be efficient as sufficient slope 
in the proposed outfall is not available. 


(iv) As far (b) (i) a good deal of dredging will be effected by 
the clear water coming out of Wular and especially under flood 
conditions when the velocity will be higher. Clean water ‘is 
known to have this Property and picks up silt in order to establish 


‘an equilibrium between its velocity and the silt load. Such 


dredging occurs even today as otherwise the Pohru silt would 
have completely choked up this river. Heavier material will not, 


however, be washed down and will have to be removed by 
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selective-dredging... The» material is: not» very waasieins : 
and even if it is later found to be so and-not washable by a ae 


water, no harm will be done by waiting and watching before the 
expensive whole sale dredging is resorted to. 


(v) There is no danger of Wular being flooded by diversion 
of Pohru because : 


(a) The flood in Pohru never synchronizes with the flood in 
Jhelum or a high lake level. 


(b) 


Even if it did, the maximum flood discharge of Pohru 
being of the order of 20,000 cusecs, the rise in Wular 
will be only of the order of about a foot and this at a 
time when the lake level will be nowhere near its 

maximum R.:L, of 5183. 
(c) Even-now a part of the flood discharge of Pohru goes into 
the lake as it has a two-way flow at its confluence with 
the river at Doabgah. . 


(6) 4.3.3 


In modification of my earlier opinion, I think that this cut is 
feasible and should be made. The lake even today gets flooded 
by Sindh River when it cannot flow into Jhelum at the time of high 
floods in the latter. Submergence of cultivated land can be pre- 
vented if the reclamation bund between Ganderbal Road and Sindh 
River as already: proposed is built -si multaneously. The same sluice 
‘to allow inflow of water from Jhelum during floods and to work as 
a drainage channel between the lower water level is a good idea and 
must be considered. 


I wonder if there is a contour plan of Anchar lake and if its 
flood absorption capacity has been worked out and is enough. 


(7) 4.3.5 


Flood Spill Weir into the Dal is proposed only as an emergency 
measure when the very city is threatened. In such an eventuality 


the flooding of rich agricultural lands around the Dal will be a 


much lesser calamity. The construction of a Weir as already 
suggested in my earlier note is, however; not necessary. The -water- 


way of the.lock gate and the small spillway weir is enough to admit 
the discharge passing into Sunti from kuhl Munshibagh lock gate. 


eesti 
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(8) 4.3.6 

Khadanyar gorge as assumed is not the controlling point in 
the outfall channel. 

The capacity of the outfall channel as already stated cannot 


be made without diversion. of the Pohru. 


(9) 5, a (i) 
All this extra cost of gates at Haritar, Shadipura, Wasikhan 


and the gigantic task of the extension of the supplementary channel 
from Haritar to Baramulla is apparently proposed to prevent 
- flooding of Wular (which is very unlikely) and saving of small 
- tract of land around Wular: from being submerged’ land which 
is already proposed to be protected by the Banyari and Watlab 


reclamation bunds now under construction :. 


The proposal of extension of the supplementary channel to 
Baramulla is, besides, open to following objections: 


(a) If carried inits grade of 1 in 6,000 it will probably ° 
meet the river at Baramulla below the river bed. If 
this is so, the extension is not possible. 

(b) The alignment has to cross the high ridge between 
Sopore Road and Delina and will be very expensive. 

(c) The fine Jhelum silt, otherwise proposed to silt up 
Wular lake, will be completely lost. 

(d) Because of lesser flood flow the river channel between 
Sopore and Baramulla will get deteriorated. 


No gates at the mouths of Shadipura and Wasikhan nallahs 

will be necessary, as, there is no excess flowin the river below 

. Shadipura which cannot be contained within the river channel and 
has'to be escaped. . 


(10) 5, a (ii) 

With the passage of heavily silted waters through supplemen- 
tary channel for which the whole project is being designed, the 
river channel below Jhelum will certainly not get deteriorated as 
stated. The comparatively silt free water that will pass the river 
below Dogripura will, on the other hand, improve the channel by 
picking up silt from the shoals and the raised bed. 


The regulation of discharges between the River and the supple- 
mentary channel should be with a view to diréct more silt into the 
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latter and, therefore, at times of flood discharges shall have to b 
passed into it, even though the total discharge may be below 40 Bea: 
(11) 5.a (iii) | 


This assumes diversion of Pohru into the lake against the 
author’s earlier recommendations. 


5. (b) 


I would suggest the phasing somewhat as below :— 


(1) (G) Remodelling of Flood-Spill Channel from Pad- 


shahibagh to Wular. for its Original designed 


discharge of 17,500 plus the discharges of the 
_ drainages corfing into it. 
Gi) Starting of afforestation programmes in Ningle 
and Pohru nallah catchments. 

Git) Ningle nallah Diversion. 


(2) Construction of an open weir and Head Regulater at 
Dogripura. 


(3) 


Simultaneous excavation-of supplementary channel, 
from Dogripura to Rambagh, its extension up to Wular 
and the Pohru diversion throughout their lengths but in 
widths about 20% to 39% of the ultimate width as can 
...be completed in one year.. This is to ensure propor- 
. 1‘; tionate relief from:year to. year. $e 
(4) Selective dredging of outfall channel 3 to 4 years after 
> (3) is in operation. : 


(12) '6(7) . 


To ensure that the pilot channel is not silted up its excavation 
must be done from the downstream end in a continuous line with 
no obstructions left in between. 

M. G. RASUL 
Development Commissioner, 
Jammu and Kashmir Camp, Srinagar 


9, NOTE DATED 18TH APRIL, 1954 BY SHRI KANWAR 
SAIN, 1. S.E., CHAIRMAN, CENTRAL WATER AND 
POWER COMMISSION, ON MEASURES NECESSARY 
FOR FLOOD CONTROL. AND DRAINAGE OF THE 

KASHMIR VALLEY 


1. I reached Srinagar on the 14th April afternoon along with 
Dr. Uppal. I was detained for one day at Jammu due to bad 
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weather. From 14th afternoon to the 17th afternoon I visited all 
the important places such as Sangam, Dogripura, Kandizal, Pad- 
shahibagh, Flood Spill Channel above Srinagar, Pohru Khadanyar, 
Doabgah (junction of Pohru with outfall channel), Sopore, Watlab, 
Wular Lake, Ganderbal and Prang (the Sindh Valley) and the 
Flood Spill Channel below Srinagar. 

On the 16th afternoon and the 17th I had discussions with the 
Members of the Board of the Engineers—Mir Ghu'am Rasul, 
Development Commissioner, and Mr. Ghulam Hassan Khan, 
Chief Engineer, Irrigation, of Jammu and Kashmir State, Dr. 


Uppal being present throughout tke meeting, 


The notes and proposals put up by Dr. HL, Uppal, 
Mr. Ghulam Hassan Khan and Mir Ghulam Rasul were discussed 


‘in al] aspects, 
2, Eefore giving the decisions, it would be advisable to state 
the problem in brief. 


The essential problem requiring immediate action is the pro. 
tection. of Srinagar town and the cultivated areas in the valley, 
This involves not only protection of embankments but Proper 
and adequate drainage, Simultaneously with these two aspects 
may be taken the question of- reclamation of about 116 sq. miles of 
marshy land under nambals and jhils. This land, if brought 
under cultivation, would prove of great economic value to the 
Valley which is short in food supplies necessitating import of 
large quantities of food grains from other parts of India, involving 
expensive transrort, 


Like other towns Stinagar has grown in size and population 
during the last 50 yeats. The present population of Srinagar town 
According to 1951; cerisus ig 2 lakhs. This necessitated extension 
of houses on lower lands which are subject to frequent flooding, 
The first natural attempt for flood Protection of the city was in 
the form of construction of bunds for long lengths on both: banks 
of the river Jhelum. These bunds had been originally built by the 
land Owners to protect their Property against . inundation. As 
these bunds developed, necessity was felt for co-ordinated effort 
y Government, 


The bunds in the vicinity of the town have been raised during 
the last 30 years [0 an extent that any further raising is not feasible 
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nor would it be safe. The river channel has been encroached upon 
indiscriminately thus reducing its discharging capacity. This makes the 
problem of flood control’ in the narrow valley a complicated one. The. 
situation at present is so critical that most of the people in the valley 
live under a constant dread during the flood season. 
years, serious damages 
1948, 1950 and 1953. 


During the last six 
occurred to urban as well as cultivated areas in 


The problem has reached a stage when only bold action can prevent a 


serious calamity in the Valley. Small measures will not meet the situation. 
The problem is briefly stated below:— 


(a) The protection of the city of Srinagar and other habitations on 
the banks of the Jhelum River. 


(b) Protection of rich cultivated lands in the valley above and 
'. . below. Srinagar. 


(c) Efficient and quick drainage of the Valley to prevent damage 
to areas under cultivation at present.’ - 


(d) Reclamation of low lands in the Valley to the extent of 116 
square miles at present under water by a process of the methodi- 
cal silting. : : 
5: (e) Maintenance of navigation facilities throughout the year. 


3. Available Data 


The flood problem of Kashmir is not new. The first recorded heavy 
flood occurred in 1893. It was repeated in 1903, necessitating the con- 
struction’ of a Flood. Spill Channel of 17,500 cusec capacity for diverting 
a part of the flood discharge just above the city of Srinagar as it existed 
at that time. This spill channel passed through low depressions and dis- 
charged back into the Jhelum a few miles below the City. This spill 
channel did not, however, solve the problem. In 1951. an experienced Irri- 
gation Officer from the Punjab was invited to investigate the problem. The 
construction of its outfall channel was started in 1905 .and continued up 
to 1916.- A part of Pohru river was also dredged. This, however, was 
only a temporary relief for a short period. The Valley again was visited 
by serious floods in 1928. In the light of further data then collected certain 
proposals were made by the then Chief Engineer, Jammu, and Kashmir 
State, which were vetted by the Consulting Engineer to the Government of 
India, who was placed on special duty for about a year with the Kashmir 
Government. These proposals, however, were never carried out. . It is 
fortunate that from 1928 onwards a Hydraulic Sub-division has been collect- 
ing some useful data. All this mass of data, however, was lying scattered 
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till it’ was collected, plotted ‘and ‘analysed by..Dr. H. L. Uppal from 1950 to 
1953. But for the most commendable effort and work put in by Dr. Uppal 
in putting the data in an understandable form for ready reference it would 
have been impossible to. formulate any sound — for dealing with 
the picbiem. : 

As the analysis of the data’ preereesed a 2 lot of: further. data was collected 
at the instance of Dr. Uppal during 1951 and 1952 including an aerial 
survey of Jhelum River, Wular lake and a part of the Valley. 


; The data which was available to me during my discussions is given in 
Chapter 8 Part I of Dr. H. L. Uppal’s valuable report.: I suggest that this 


report be printed. 
4. Further Essential Data Required 


Danae the examination of the problem, it was revealed that certain 
additional data is necessary before the measures are finalized in detail. - 
This data should be collectcd without any further loss of time. 


(a) Daily River Discharge Observations on the Main River and 
Important Tributatries. - 


Sites where regular gauge observations are made such as below Sangam, 
Dogripura, below the proposed off-take of the Supplementary Channel and 
near about Banyari. Similarly on Veshau, Lidder and Rambiara discharge 
observations should be taken at Rambagh bridge on the Flood Spill Channel, 
in the outfall channel (below Wular lake at Sopore and Baramulla) and 


on the Pohru river at Suil should also be taken. 
a 


(5) Silt observation should also be taken where all the daily dis- 
charges are taken on the places as detailed above. 


(c) The Contour, Surveys of the Valley taken in 1930 should be 
- brought up-to-date (including Wular Lake and other nambals). 


5. Decisions 


As a result of discussions, the decisions were arrived at as detailed 
below, and are detailed in order of priority. 


(a) Enlarging and excavation af Spillway Channel from Padshahi- 
bagh to Wular Lake. . 
(b) Diversion of Ningle nallah into Haigam Jhil. 


(c) Diversion of Pohru torrent from Suil to Watlab, either entirely 
or partially consistent with requirement of mensport of heavy 
logs. 


APPENDIX ly 
: SEF 
~ (dj Removal of foot bridge at Baramulla ang Cutoff be 
Doabgah and Khojabagh. 5 

(e) Removal of the bar in the Jhel 
by manual labour, if not rem €r current. 

(f) Construction of Spill Channel from Dogripura to Padshahibagh, 

(g) Strengthening of bunds on the Jhelum above and below Dogri- 
pura. 

(A) Construction of a control 
take of the newly propose 
control discharges going d 
up supplies by means of 


tween, 


Um river at the junction of Pohry 
Oved by the riy 


Point in the Jhelum below the off- 
d spillway channel at Dogripura to 
Own the Jhelum as well as to head 


callapsible shutters for irrigating ap- 
proximately 25,000 acres on the left and right banks of Jhelum.- 


The above works may be started simultaneously, 
in the order stated above. In fact, the work of cutt 
spillway channel from Padshahibagh to outfall into 

been taken in hand. This would provide only parti 
ing. In order to provide complete protection ag: 
essential that all the above works should be com 
channel from Dogripura, should come into operati 
Masonry works particularly bridges could be eco 


in the first instance and taken up subsequently on 
ings. 


emphasis being given 
ing a cunnette in the 
the lake has already 
al relief against flood- 
ainst high floods, it is 
pleted and the spillway 
on as early as possible. 
hlomised to great extent 
the less important cross- 


6. Approximate Cost 


At this stage only approximate costs can be given. It was roughly 
worked out by the Chief Engineer, Irrigation that all the works stated above 
should cost approximately Rs. 24 crores. Once the project has been Pre- 
pared in detail along with estimates, it should be possible to finish it By 
about 4 years. The earlier all the works can be completed, the better it 
will be from the point of view of protection, as well as from the point of 
view of growing more food in the Valley. 


7. Financial Prospects 


I understand that a heavy subsidy is being given by the State for = 
maund of rice imported. Correspondingly for lift irrigation aie aan 
fo the tune of Rs. 40 per acre is proposed. The annual subsidy thus : = 
to an appreciable figure. This would justify:a higher water ae ae 
informed that the price of the land which would be protected from ae 
Will shoot Up in most areas from Rs. 100 per kanal to Rs. 1,000 tes ae 
Even if half of the unearned increment is levied in the form be eS : 
fee in ®asy installments from the areas which will be directly ae sia 
should be Possible to make the project a financial success. 
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éliminate considerably the expenses being incurred by the State every year 
on flood protection. To this may be added on the credit side the damages 
which will be prevented. 


It is suggested that the amount required to finance the project should | 
be loaned to‘ the State on similar terms on which such loans are given to 
other States. It should be possible for the Jammu and Kashmir Prater to 
make the project pay a return of 4 per cent or there-about. 


8. Project Report and Detailed Estimates 


The Chief Engineer, Irrigation, Jammu and Kashmir State, should now 
be given funds for carrying out field surveys and collection of additional 
data for the preparation of a detailed project report and detailed estimates 
for administrative and technical sanction. This project report, along with 
detailed estimates, will naturally be subjected to the usual check in the 
Central Water and Power Commission and then put up to the Advisory 
Committee appointed by the Planning Commission, as is done for all similar 
projects received from other States. 


The Chief Engineer, Irrigation, Jammu and Kashmir. State, would need 
help from Central Water and Power Commission for preparation of designs, 
It is suggested that this help may be-given without raising any debit for any } 
services rendered. It will perhaps be necessary for me or some other 
senior officer of Central Water and Power Commission to pay another 
visit when the river is in high floods. By that time other field data will 
have been’ collected by the State Engineers and any points arising out of 


further study by the State Engineers could be resolved after discusion at 
Site. 


KANWAR SAIN 
Chairman 
Central Water & Power Commission 
«, Government of India / 
: on Tour to Kashmir, Camp Srinagar. a 











